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INTRODUCTION 
There are numerous sources of fuels that are alternatives to the 
conventional hydrocarbons sources of oil, natural gas, and coal. These 
include ethanol from grains, ethanol from crop residues, oil, gasoline, 
methanol, and methane gas from coal, oil from oil shale, oil from tar 
sands, methanol from woody biomass, and methane from manure. Much un­
certainty surrounds the cost of producing fuels from these different 
sources, because most of these technologies are not yet commercial in 
4 
nature. Currently, South Africa produces gasoline and other petroleum 
products from coal. Projects involving oil shale, tar sands, and coal 
conversion are large-scale, have very high capital costs, and have a 
very high degree of risk associated with them. 
This study concentrates on the production of ethanol from grains 
and also considers ethanol from crop residues. A study by the U.S. 
Congress, Office of Technology Assessment (1980) contains an over­
view of energy production from biomass sources and a study by the Jack 
Faucett Associates, Inc. and Battelle Columbus Laboratories (1982) con­
tains an overview of fuel alcohol^ production. Both of these reports 
discuss ethanol production from grains and the study by the Office 
of Technology Assessment discusses ethanol production from crop residues. 
Alcohol production from agricultural commodities is not new. 
During the Great Depression of the 1930s, there was considerable interest 
^Ethanol (ethyl alcohol) is one type of alcohol. When alcohol from 
grains, crop residues, or agricultural commodities or the term alcohol, 
in general, are used, they refer to ethanol. 
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in producing ethanol from grains. Brazil currently has a rather exten­
sive alcohol production program, mostly based on sugarcane. No pure 
gasoline is sold in Brazil. Motorists may purchase either an 80 percent-
20 percent blend of gasoline and ethanol, or 192 proof ethanol.^ Brazil 
suffers from a serious balance of payments problem, with oil imports 
being the major contributing factor. So Brazil derives a large positive 
externality from domestically produced energy. The United States would 
not derive as large a benefit as Brazil would on this basis. The 
alcohol fuels program in Brazil has recently encountered some difficul­
ties in part related to automobile mechanical problems caused by alcohol 
fuels. 
Alcohol fuels derived from agricultural commodities have been 
proposed as one means of supplementing liquid fuel supplies in the 
United States. Any agricultural commodity containing carbohydrates can 
be considered as a potential feedstock for alcohol production. These 
include commodities such as corn, grain sorghum, sugarcane, sugar beets, 
potatoes, cheese whey, alfalfa, and corn stalks. With currently avail­
able technology and current input-output price relationships, most 
alcohol fuel production in the United States would come from grains, 
especially corn and grain sorghum. 
The Energy Security Act of 1980 (U.S. Congress, Senate, 1980) 
directed that 10 percent of domestic gasoline demand should be met from 
alcohol fuels by the year 1990. Currently, gasoline consumption is 
^There are two proof per percent. So, 192 proof is 91 percent 
alcohol. The other 9 percent is water. 
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about 100 billion gallons per year. So at current levels of gasoline 
consumption, this would amount to approximately 10 billion gallons of 
alcohol per year. If the current trend toward more energy efficient 
automobiles continues and more automobiles use diesel as their fuel, 
gasoline demand can be expected to fall. A study by Exxon Corporation 
estimates that by 1990 gasoline demand will be at about 75 billion 
gallons per year and that by 2000 it will be at about 60 billion gallons 
per year (Rapid Growth Seen for Transportation Distillates, 1981). In 
order to attain the goal of meeting 10 percent of gasoline demand 
through the use of alcohol fuels, only eight billion gallons of alcohol 
may be required in 1990 and only six billion gallons may be required 
In 2000. 
A great deal of interest in domestically produced oil substitutes 
has been evoked by the Arab oil embargo in 1973, the Iranian crisis of 
1979 and 1980, the ongoing Iranian-Iraqi conflict, and the decontrol 
of domestic crude oil prices in 1981. During the Arab oil embargo, 
factories shut down and there were long lines at gas stations and, in 
some instances, gasoline was unavailable. During the Iranian crisis, 
again there was a shortage of gasoline due to a drastic decline in 
available oil from Iran and this event, coupled with the Iranian-Iraqi 
war and the decontrol of domestic crude oil prices, caused gasoline 
prices and crude oil prices to increase rapidly (Table 1). Crises in 
the Middle East have raised great concern about the stability of supplies 
from this region. There is a very high cost associated with the lack 
of availability of needed oil supplies. 
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Table 1. Crude oil and gasoline prices, 1974-1981^ 
Year Quarter 
Crude oil^ Gasoline 
Domestic Imported Leaded regular 
(dollars per barrel) (dollars per gallon) 
1974 1 7.08 12.45 0.488 
2 7.26 13.02 0.547 
3 7.20 12.68 0.549 
4 7.46 12.53 0.520 
1975 1 8.29 13.05 0.525 
2 8.33 13.27 0.543 
3 8.48 14.25 0.592 
4 8.67 15.04 0.584 
1976 1 8.67 13.26 0.571 
2 8.62 13.41 0.574 
3 8.65 13.58 0.601 
4 9.23 13.58 0.600 
1977 1 9.24 14.50 0.607 
2 9.21 14.62 0.629 
3 9.54 14.68 0.634 
4 10.17 14.61 0.631 
1978 1 10.25 14.41 0.616 
2 10.60 14.51 0.625 
3 10.65 14.46 0.654 
4 10.87 14.74 0.667 
1979 1 11.34 15.88 0.699 
2 12.41 19.00 0.812 
3 15.73 23.98 0.956 
4 17.65 27.02 1.007 
1980 1 21.22 32.40 1.179 
2 23.63 34.33 1.215 
3 24.98 34.44 1.210 
4 26.51 35.09 1.188 
1981 1 36.27 39.00 1.321 
2 35.21 37.84 1.333 
3 33.79 35.82 1.310 
4 33.49 36.26 1.297 
^Source: Department of Energy (1976, 1978, 1980, 1982). 
^Refiner acquisition cost. 
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There are a number of benefits associated with a domestically 
produced oil substitute such as alcohol from agricultural commodities. 
These benefits may be referred to as national security benefits. While 
domestically produced alcohol from agricultural commodities may be 
viewed as being more stable and secure than imported oil from the Middle 
East, even agriculturally derived alcohol fuels, in particular alcohol 
fuels from grains, are subject to changes in availability due to weather 
and price fluctuations. Now that oil prices are falling and oil supplies 
are plentiful, enthusiasm for the use of alcohol fuels has fallen con­
siderably. 
Farmers and farm interest groups view alcohol fuels from agricul­
tural commodities as a means of increasing farm commodity prices and 
farm Income and utilizing what some see as excess agricultural produc­
tion capacity. When farm prices are low, farm incomes are low, and 
there are large stockpiles of grains, as is currently the case, interest 
in alcohol fuels from agricultural commodities increases. 
There are a number of important issues that need to be considered 
when discussing fuel alcohol production from agricultural commodities. 
What impacts will alcohol production have on food prices? There is the 
food versus fuel question. Should commodities which are primarily foods 
be used as fuel? Are agricultural commodities the best source of alcohol 
fuel? How much will soil loss increase due to the need to bring more 
land into production and from farming existing land more intensively? 
There is the energy balance question. How much energy is used in the 
production of the feedstock and in the conversion process compared to 
6 
how much energy is obtained from the alcohol fuel? What are the impacts 
from the production and use of alcohol fuels on the quality of the 
environment? 
Discussion of these issues Is deferred until after the following 
section on the processes available to convert agricultural commodities 
into ethanol. The section on conversion technologies focuses primarily 
on graln-to-ethanol conversion technologies since it appears reasonable 
to assume that over the next 10 to 20 years any program to produce large 
amounts of alcohol fuels from agricultural commodities will depend on 
the use of grains, mainly corn and sorghum, as the primary alcohol feed­
stock. Cellulose-to-ethanol conversion technology is also briefly 
mentioned. An understanding of the conversion processes is important 
when considering most of the questions raised in the preceding paragraph. 
Conversion Processes 
Corn grain and grain sorghum are approximately 83 to 84 percent 
carbohydrates on a dry matter basis. The balance of the dry matter is 
composed of protein, about 10 percent in corn grain and 12 percent in 
grain sorghum, vegetable oil, and ash (inorganic matter) (Jurgens, 1978). 
Only the carbohydrate portion of the grain being used as the feedstock 
is converted into ethanol. Any carbohydrates which are not converted 
into ethanol, plus all the protein, oil, and ash remain and are avail­
able as products which can be used as feed for livestock, or, in the 
case of the vegetable oil, for human consumption. It is Important to 
realize that an entire bushel of grain is not converted into ethanol 
and thus a portion of the grain remains available for food use. 
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Two processes for obtaining ethanol from corn and grain sorghum 
are incorporated into the study. They are the dry milling process and 
the wet milling process. Both yield approximately the same amount of 
ethanol per bushel of grain (Hertzmark et al., 1980). With current 
techniques, the yield is between 2.5 and 2.6 gallons per bushel. The 
dry milling process is the simpler of the two processes, but the wet 
milling process yields more valuable by-products. In the dry milling 
process, a bushel of corn or grain sorghum is ground up, cooked, and 
then fermented. Figure 1 presents a diagram of the dry milling process. 
The fermentation process yields 190 proof alcohol,^ carbon dioxide, 
and a residue which contains the unfermented portions of the grain. 
The unfermented portion, known as distillers dried grains with solubles 
(DDG), contains protein, oil, ash, and some carbohydrates. With current 
techniques, 2.6 gallons of 199 proof alcohol and 17 pounds of distillers 
dried grains with solubles are yielded. Also, slightly over 16 pounds 
of carbon dioxide are produced. 
In the wet milling process, unlike in the dry milling process, the 
nonfermentable components of the grain are removed prior to fermentation. 
First, the germ is removed from the grain. The germ contains the 
vegetable oil in the grain. The vegetable oil is then removed from the 
germ and what remains of the germ is returned to the rest of the grain. 
Then the fiber is separated and from the fiber comes what is known as 
gluten feed. The gluten is then separated out and from the gluten 
^Higher proof ethanol may be obtained by using vacuum distillation. 
After the distillation process, more water may be dehydrated off in 
order to obtain higher proof ethanol. 
8 
( Grain 
Grinding 
Fermentation 
Ethanol 
Distillers dried 
grains with solubles 
Figure 1. A diagram of the dry milling process 
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comes gluten meal. What remains is mostly starch. Starch is the bulk of 
fermentable portion of the grain. The starch is fermented and yields 
190 proof alcohol and carbon dioxide. Figure 2 is a diagram of the 
process. The quantities of products from the wet milling process when 
corn is used as the feedstock, according to two sources, are listed in 
Table 2. 
Table 2. Products from the wet milling of corn 
Source 
Product Hertzmark et al.^ JFA^ 
Ethanol (199+ proof) 2.5 gal. 2.58 gal. 
Corn Oil 1.7 lb. 1.55 lb. 
Gluten feed 11.2 lb. 14.18 lb. 
Gluten meal 3.3 lb. 2.78 lb. 
^Source: Hertzmark et al. (1980). 
^Source; Jack Faucett Associates, Inc. and Battelle Columbus 
Laboratories (1982). 
The milling by-products are important outputs from the alcohol 
production process. Some attributes of the milling by-products when 
corn is used as the alcohol feedstock are listed in Table 3. Often 
gluten feed and 62 percent protein gluten meal are mixed to form 42 
percent gluten meal. The attributes of the milling by-products when 
grain sorghum is used as the feedstock are similar to those when com 
Is used as the feedstock. What the milling process does is concentrate 
the protein portion of the grain in the milling by-products. Since 
10 
Grain 
>v 
Germ 
extraction Germ 
Oil 
extraction 
Fiber 
separation 
Press cake 
Vegetable 
oil 
Gluten 
meal 
Gluten 
separation 
Starch 
CO Fermentation 
' Ethanol 
Figure 2. A diagram of the wet milling process 
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Table 3. Attributes of corn derived milling by-products, soybean meal, 
and com^ 
Metabolizable energy^ 
y, Beef Dairy 
Feed Protein Fiber cattle cattle Hogs 
— (percentage)— (Mcal/kg feed) 
Corn distillers dried 
grains with solubles 29.8 9.8 3.18 3.47 3.65 
Corn gluten feed 24.2 8.9 2.96 3.19 2.68 
Corn gluten meal 68.9 4.4 3.04 3.29 3.41 
Soybean meal 48.9 6.7 3.07 3.15 3.36 
Corn 10.0 2.2 3.29 3.11 3.74 
^Sources: Jurgens (1978), National Academy of Sciences (1976, 
1978, 1979). 
^Dry basis. 
they are concentrated sources of protein, they may be substituted for 
soybean meal and other high protein feeds in livestock rations. The 
amounts of gluten feed and distillers dried grains with solubles that 
may be fed to poultry and hogs may be limited by the fiber content of 
these products. Also, the amino acid balance in the milling by­
products limits their use by poultry and hogs. The fiber content is 
not a problem for cattle. 
The Protein Feed Market 
As alcohol production from grains takes place, the milling by­
products are generally substituted for soybean meal in livestock'rations. 
Also livestock rations will change so that greater proportions 
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of protein and energy requirements are satisfied by the milling by­
products than are provided for by the soybean meal. Soybean production 
falls and some soybean acreage is replaced by corn and grain sorghum 
acreage. Based on current average yields in the United States for corn 
and soybeans, an acre of land which is switched from soybean production 
to corn production, produced about 80 percent of the protein that would 
be produced if the acre of land was in soybean production. 
Table 4 shows high protein feed use by livestock in the United 
States. The milling by-products from the production of 10 billion 
gallons of alcohol contain approximately the same amount of protein 
that the oilseed meals fed to livestock currently contain. Large-scale 
alcohol production clearly would induce major changes in the high 
protein feed markets. If 10 billion gallons of alcohol are produced 
from corn at a rate of 2.6 gallons per bushel, this produces the equiv­
alent (on a protein basis) of about 18.4 million metric tons of soybean 
meal. 
The Edible Oil Market 
The production of alcohol from grains also requires adjustments 
to be made in the vegetable oil market. Adjustments will be made in 
vegetable oil production and consumption patterns, not only in the 
United States, but in the rest of the world as well, if large-scale 
fuel alcohol production from grains occurs. Table 5 shows world and 
United States production of edible oils. 
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Table 4. Highprotein feeds used for livestock in the years 1979-
1981° 
High 
protein 
feed 
Quantity fed (in terms of 44 percent 
protein soybean meal equivalent 
" .d 1979 1980^ 1981^ 
Oilseed meal 
Soybean meal 
Other 
Total oilseed meal 
Animal protein 
Grain protein 
Total 
17,113 
3,039 
20,152 
2,841 
1,609 
24,602 
(1000 metric tons) 
15,646 
2,719 
18,365 
2,863 
1,018 
22,246 
16,012 
2,967 
18,979 
2,838 
1,030 
22,847 
^ear beginning October 1. 
^Source: U.S. Department of Agriculture (1982b), 
^Preliminary. 
^Forecast. 
If it is desired to produce 10 billion gallons of alcohol from 
grains, then major adjustments In vegetable oil production and consump­
tion patterns need to be made in the United States. To get some grasp 
of the magnitude of the changes that may be necessary,a hypothetical 
illustration is useful. Assume that corn is the feedstock for the 10 
billion gallons of alcohol to be produced and that the milling by­
products replace soybean meal in livestock rations and exports on the 
basis of protein content. This is not what would happen in livestock 
rations. As mentioned previously, what would happen is some soybean 
14 
Table 5. Edible oil production in the world and the United States for 
the years^  1979-1981  ^
World United States 
Oil 1979 1980^ 1981^  1979 1980^ 1981^ 
(1000 metric tons) 
Soybean 14,374 12,222 13,459 5,491 5,112 5,145 
Palm 4,706 5,063 5,425 0 0 0 
Sunflower 5,581 4,781 4,973 224 281 360 
Rapeseed 3,420 3,876 4,019 0 0 0 
Cottonseed 3,193 3,208 3,506 645 562 624 
Coconut 3,013 3,259 3,450 0 0 0 
Peanut 3,066 2,797 3,209 170® 99® 169® 
Olive 1,420 1,927 1,371 0 0 0 
Corn 512 518 525 368 373 380 
Safflower 357 292 242 45 30 31 
Other 1,399 1,390 1,504 0 0 0 
Total 41,040 39,333 41,684 6,943 6,457 6,709 
B^eginning October 1. 
'^Sources: Department of Agriculture (1982b, 1982d). 
C ' Preliminary. 
"^ Forecast. 
^Includes some oil (from oilseeds which are exported). 
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meal would be replaced and the composition of the ration would change 
to have a greater proportion of feed requirements met by soybean meal 
and the milling by-products. The assumption of this substitution taking 
place on the basis of protein represents an upper bound on the adjust­
ments that would need to be made. 
If the dry milling process is used to produce all the alcohol 
required, then 18.87 million metric tons of soybean meal can be replaced 
and no corn oil is produced. To produce this amount of soybean meal 
requires 882.5 million bushels of soybeans to be crushed, which would 
yield 4.36 million metric tons of soybean oil. This quantity of soybean 
oil is equivalent to 83 percent of 1979-1981 average annual U.S. soybean 
oil production and 10.7 percent of 1979-1981 average annual world edible 
oil production. 
If the wet milling process is used to produce all the alcohol 
required, then 17.88 million metric tons of soybean meal can be replaced 
and 2.97 million metric tons of corn oil are produced. To produce 17.88 
million metric tons of soybean meal requires 836.2 million bushels of 
soybeans, which, when crushed, yield 4.13 million metric tons of soy­
bean oil. The decrease in vegetable oil production under the all wet 
milling assumption is 1.16 million metric tons. This is equivalent to 
22.1 percent of 1979-1981 average annual U.S. soybean oil production 
and 2.9 percent of 1979-1981 average annual world edible oil production. 
Figure 3 shows the increase or decrease in vegetable oil production 
that results when different levels of soybean meal are replaced by the 
wet milling by-products. 
All wet milling 
oil production 
(mil# m*t.)^  22 4.13 
Decrease in oil production 
2.97 
100 percent wet milling 
Increase in 
oil production 
Percentage of soybean meal 
replaced by com gluten 
100 71.8 
meal and com gluten feed 
Figure 3. The change in vegetable oil production from the production of 10 billion gallons of 
alcohol by wet milling 
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What can be expected to occur is some mix of dry milling and wet 
milling. This causes the change in vegetable oil production to be some­
where between the changes mentioned in the previous paragraphs on dry 
milling and wet milling (Figure 4). To the extent that the milling by­
products substitute for other feeds instead of replacing soybean meal, 
the impact on vegetable oil production is decreased. Figure 5 shows 
the combination of wet milling and dry milling that can occur and the 
percentage of the milling by-products which can replace soybean meal 
and maintain a constant level of vegetable oil production. 
Grain sorghum contains more protein than com, but has only about 
three-quarters of the oil content of com. The use of grain sorghum 
instead of corn as the alcohol feedstock allows a higher potential 
substitution, on the basis of protein content, of milling by-products 
for soybean meal and to the degree that grain sorghum is wet milled 
instead of corn, a smaller quantity of vegetable oil is produced. 
Thus, the use of grain sorghum instead of corn makes the potential 
adjustments in the edible oil market somewhat greater. 
The adjustment in the edible oil market resulting from large-scale 
fuel, alcohol production would lead to excess soybean crushing capacity. 
Imports of palm oil and coconut oil would probably increase. 
The amount of soybean meal that is substituted for the milling 
by-products, the mix of grains used as the alcohol feedstock, and the 
mix of the milling processes are important issues. These issues are 
addressed in this study. 
Oil production 
(mil. m.t.) 
4.25 
1.48 
Increase in _ 
oil production 
4.25 
e—Decrease in oil production 
•100 percent dry milling 
Percentage of soybean meal 
replaced by com distillers, 
dried grains, com gluten 
meal, and com gluten feed 
00 
Figure 4. The change in vegetable oil production from the production of five billion gallons of 
alcohol by dry milling and five billion gallons of alcohol by wet milling 
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Figure 5. The mix of dry milling and wet milling needed to maintain 
vegetable oil production at a constant level, given the 
percentage of soybean meal replaced by milling by-products 
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Supply and Demand Responses 
Previous sections have noted changes that take place in the high 
protein feed and edible vegetable oil markets as a result of the sub­
stitution of the milling by-products for high protein feeds, mainly 
soybean meal. Since an acre of land transferred from soybean production 
to com production for use as an alcohol feedstock does not supply as 
much protein or vegetable oil, overall crop prices rise as supplies of 
protein and vegetable oil, relative to demands for protein and vegetable 
oil fall. Higher agricultural prices induce farmers to produce more 
agricultural commodities. Figure 6 lists supply and demand responses 
that occur as alcohol production from grains take place. Agricultural 
prices rise in response to alcohol production, but an important question 
is how much? 
Previous Studies 
There have been a number of simulation studies which have looked 
at the agricultural commodity price question as well as other questions 
of Interest, such as the level of net farm income and crop export 
levels. Studies by Meekhof, Gill, and Tyner (1980) and Meekhof, Tyner, 
and Holland (1980) are based on the FEEDSIM model. A study by Hertzmark 
et al. (1980) is based on the POLYSIM model. Each of these studies 
is short-run in nature. The two studies based on the FEEDSIM model go 
up to 1984/1985 and the study based on the POLYSIM model goes up to 
1983. The highest level of alcohol production considered in any of 
20b 
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Figure 6. Impacts of alcohol production from grains 
Source; Gavett (1981) 
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these studies is two billion gallons per year. Another study by Webb 
(1981) used the U.S. Department of Agriculture's NIRAP simulation model 
as its basis. This study simulates to the year 2000 and considers 
annual alcohol production of 10 billion gallons. All of these studies 
consider only corn as the alcohol feedstock. 
Results of the Meekhof, Gill, and Tyner study show that in 1984/ 
1985 the price of corn is 9.5 percent higher and the price of soybeans 
2.2 percent lower for annual alcohol production of two billion gallons. 
Similar results occur in the Meekhof, Tyner, and Holland study. Results 
from the study by Hertzmark et al. show that in 1983, for a production 
level of one billion gallons of alcohol, corn prices are 4.9 percent 
higher, soybean prices aye 0.4 percent higher, soybean meal prices are 
6.7 percent lower, and net farm income is 4.5 percent higher than they 
would be without any alcohol production from corn. The results from 
the Webb study are the most dramatic since he considers an annual 
alcohol production level of 10 billion gallons. Some of his results 
are presented in Table 6. The increases in corn prices and pork prices 
are substantial. Price changes for 2000 are generally less than they 
are for 1990, which indicates greater ability of agriculture to respond 
in the long run. 
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Table 6. Results from a simulation study by Webb for 10 billion 
gallons of alcohol production in the years 1990 and 2000^  
Variable 1990 2000 
(percentage change from the base case)^  
Corn price 46.0 37.0 
Corn output 42.8 35.5 
Soybean price -9.8 -9.3 
Soybean output -17.0 -15.2 
Wheat price 3.3 1.8 
Wheat output 5.4 4.1 
Beef price 1.1 5.1 
Beef output 0.7 0.0 
Pork price 21.1 15.4 
Pork output -4.0 -4.0 
Farm prices 8.3 5.9 
^Source; Webb (1981). 
'^The base case has no alcohol production. 
Energy and Alcohol Production 
The question of whether more energy is required to produce alcohol 
from grains than is contained in the alcohol produced Is controversial. 
One must be careful when looking at this question of the energy balance. 
It requires approximately three kilowatt-hours of coal to produce one 
kilowatt-hour of electricity. Why then is electricity produced from 
coal? This process has an extremely negative energy balance. Electric­
ity is produced from coal because electricity Is a more valuable and 
useful form of energy than coal. The more appropriate question 
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with regard to alcohol production is, what is the net gain or net loss 
in liquid fuels, such as gasoline, diesel, and alcohol, that occurs 
when alcohol is produced from grains. The liquid fuels used in the 
production, transportation, and conversion of the grain, as well as 
some credit for the milling by-products,.should betaken into account. 
When considering the energy balance question and the net liquid 
fuel balance question, factors associated with a particular alcohol 
production plant are important to consider. The dry milling method 
requires more energy than the wet milling method (Hertzmark et al., 1980; 
Jack Faucett Associates, Inc. and Battelle Columbus Laboratories, 1982). 
In the fermentation process, either a batch or continuous method may 
be used and distillation may be done either at atmospheric pressure or 
in a vacuum. Continuous fermentation and distillation in a vacuum 
require less energy. Most studies on the energy balance question have 
been done assuming batch fermentation and distillation at atmospheric 
pressure (Hertzmark et al., 1980). 
Two of the major uses of energy in the conversion process are the 
drying of the milling by-products so that they contain only about 
10 percent moisture and the removing of the last 5 percent of water 
from the ethanol. Moisture needs to be removed from the milling by­
products to prevent spoilage and to make their transportation feasible. 
If the milling by-products can be utilized in the immediate vicinity 
of the conversion plant and within a relatively short period of time, 
then they need not be dried. It seems likely that at least some of the 
milling by-products will be utilized undried. The need to get the 
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ethanol to 199+ proof depends upon whether or not the ethanol Is to be 
mixed with gasoline. If ethanol is to be mixed with gasoline in the 
gas tank, then the water must be removed from the ethanol, otherwise 
the water will separate from the gasoline-ethanol mixture and cause 
problems for the vehicle. If the ethanol is to be used as the sole 
fuel in a vehicle or is injected into the engine from a separate tank, 
then not all the water need be removed from the ethanol. The situations, 
where the milling by-products can be utilized locally and where ethanol 
can be used as a pure fuel Instead of in a mixture, represent oppor­
tunities for considerable energy savings. 
There are a number of other potential means of improving the energy 
balance of the alcohol production system. These include the use of 
steam from electric power plants or other large steam producers, the 
use of waste commodities such as municipal wastes or agricultural 
residues and wastes, and the use of various absorption methods, such 
as a molecular sieve, to remove the last few percentages of water from 
the ethanol. More information on these energy saving techniques, as 
well as more detailed information on energy use in the conversion 
processes and some actual estimates of energy requirements, can be 
found in David et al, (1978), Hertzmark et al. (1980), and Jack Faucett 
Associates, Inc. and Battelle Columbus Laboratories (1982). Further 
information on the molecular sieve may be found in Chriswell (1981). 
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Food Versus Fuel 
Under most sets of circumstances, farmers could produce the same 
amount of food and also meet the demands for grains by alcohol produc­
tion. But, this would require an increase in food prices, and, in 
particular, the market prices of grains. Not all countries of the world 
are impacted similarly by these price increases. Most countries are 
somewhat insulated from changes in world market prices of grains since 
they fix domestic prices above market prices. Only if world grain 
prices rose above the fixed prices would prices increase to consumers. 
However, these countries would have to pay more for their imports. In 
countries which link domestic grain prices to world market prices for 
grains, the entire impact is felt (Sharpies, 1981). This is true of 
the United States, but it must be remembered that only a fraction of 
the increase in grain prices is felt by the consumer. In the United 
States, farm commodity costs make up 32 percent of what the consumer 
pays for food (Farrell, 1980). 
The greatest concern in the food versus fuel question is for 
those poorer countries in the world which import grains, particularly 
wheat for human consumption. Grains account for as much as 60 to 70 
percent of food expenditures in some developing countries. The 
strongest responses to grain price changes are found in those countries 
who import grains and consume them as food, rather than as feed for 
livestock (Rojko et al., 1978). Table 7 lists elasticities^ of demand 
^The elasticity of demand is the percentage change in demand for 
the commodity under consideration, with respect to the percentage change 
of the price of a given commodity. 
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Table 7• Elasticities of demand for nonfeed use of wheat and coarse 
grains in selected developing areas and the United States^ 
Elasticity with respect to price of 
Coarse 
Region Wheat Rice grains 
Mexico and Central America 
Wheat 
Coarse grains 
South America (excluding 
Brazil and Venezuela) 
Wheat 
Coarse grains 
North Africa/Middle East 
(low income) 
Wheat 
Coarse grains 
East Africa 
Wheat 
Coarse grains 
India 
Wheat 
Coarse grains 
Other South Asia 
Wheat 
Coarse grains 
Thailand 
Wheat 
Coarse grains 
^Source: Rojko et al. (1978) 
-0.35 0.10 0.15 
0.05 - -0.20 
-0.25 0.10 0.15 
-0.20 - -0.35 
-0.35 0.15 0.10 
0.15 -0.10 -0.25 
-0.30 0.05 0.15 
0.02 0.01 -0.05 
-0.40 0.15 0.10 
0.10 0.10 -0.35 
-0.40 0.25 0.01 
0.15 0.20 -0.20 
-0.05 0.20 
0.20 -0.10 
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Table 7 (continued) 
Region 
Elasticity with respect to price of 
Coarse 
Wheat Rice grains 
Other Southeast Asia 
Wheat 
Coarse grains 
-0.10 0.15 
Indonesia 
Wheat 
Coarse grains 
-0 .60 
0.03 
1.00 
0.30 
0.40 
-0.30 
East Asia (low income) 
Wheat 
Coarse grains 
-0.35 
0.05 
0.15 
0.15 
0.20 
-0.25 
United States 
Wheat 
Coarse grains 
-0.20 
-0.20 
E^lasticity witl> respect to trade prices, not demand prices. 
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for wheat and coarse grains in selected developing countries and regions 
and the United States. Countries with particularly high elasticities 
of demand are Indonesia and India. 
Environmental Impacts 
The production of grains for use as the alcohol feedstock, the 
conversion of the grain into alcohol, and the use of alcohol as a motor 
fuel all have environmental impacts associated with them. 
The major concern related to the increase in production of grains, 
as they are needed as the alcohol feedstock, is the increase in soil 
loss that occurs as existing farmland is farmed more intensively and 
additional land, which tends to be marginal and erosive in nature, is 
brought into production. A detailed discussion of the soil erosion 
problems related to alcohol fuel production may be found in Christensen 
et al. (1982). 
The Environmental Protection Agency has tested air, water, and 
solid waste streams from alcohol conversion plants. Waste water from 
the plants has a high organic content and is quite acidic. The pH is 
between three and three and one-half. So, if the water is not treated 
properly, streams, ponds, and vegetation can be adversely affected. 
However, nothing has been found that cannot be treated by conventional 
technology (Mournighan, 1981). 
There are air pollution problems associated with the use of 
ethanol as a motor fuel. Gasohol, a mixture of 90 percent unleaded 
gasoline and 10 percent ethanol, has a small detrimental impact on 
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tailpipe emissions. Nitrogen oxide emissions increase slightly and 
there is a significant increase in evaporative hydrocarbon emissions. 
Evaporative hydrocarbon emissions cause increased ozone formation. A 
major air quality problem, the formation of smog, may be aggravated. 
At low levels of gasohol use, these problems are not significant, but 
at high levels of use, they can become significant. 
Even at high levels of gasohol use the problems are not insoluble. 
To control evaporative emissions, ethanol could be blended at the 
refinery. This is feasible at high levels of ethanol production. 
Another solution is to improve evaporative emission devices on motor 
vehicles. 
With regard to the use of pure alcohol fuels, the evaporative 
emissions problem is less, but aldehyde emissions, particularly formal­
dehyde, increase (Caldwell, 1981). 
Technological Change and the Conversion 
of Agricultural Commodities to Alcohol 
There are two areas of technological change associated with the 
conversion of agricultural commodities to ethanol that should be 
mentioned. The first involves Improving the conversion efficiency of 
the existing dry and wet milling processes. The second involves the 
conversion of cellulosic material into ethanol. 
Presently, only about 85 percent of the total carbohydrates in 
corn or grain sorghum is converted into ethanol. The other 15 percent 
goes into the milling by-products. Researchers are working on methods 
which allow nearly all the carbohydrates to be converted into ethanol. 
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If this is achieved, then the yield from a bushel of corn or grain 
sorghum would increase from the current 2.5 to 2.6 gallons per bushel 
and approach 3.0 gallons per bushel (Tsao, 1981). 
The composition of the milling by-products changes when the ethanol 
yield per bushel of grain increases. The same quantities of protein, 
oil, and ash are available in the milling by-products, but the total 
quantity of milling by-products per bushel decreases as the carbohydrate 
content of the milling by-products approaches zero. So the milling 
by-products become even more highly concentrated sources of protein. 
There is much interest in the conversion of cellulosic materials. 
Crop residues, such as corn stalks and wheat straw are included in 
this category. Some people view crop residues as unutilized by-products 
from farming, but they do serve some useful purposes since they help 
to diminish soil erosion because they serve as ground cover and they 
do have some fertilizer value. With current residue-to-ethanol con­
version technology, 51 pounds of dry matter are needed to produce 1 
gallon at a conversion cost of $1.20 per gallon (Tyner and Bottom, 
1979). Tyner and Bottom estimate that the cost of producing a gallon 
of ethanol from corn ranges between $0.97 and $1.35 per gallon as the 
price of corn ranges from $2.00 to $3.00 per bushel. They estimate 
that the cost of producing a gallon of ethanol from crop residues 
using currently available technology ranges from $1.71 to $2.22 per 
gallon as the cost of obtaining a ton of dry matter of crop residues 
ranges from $20 to $40 per ton. 
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Researchers have been working on methods of improving the residue-
to-alcohol conversion process. Some discussion of these methods and 
some of the technical details associated with these methods can be found 
in Tsao (1981), Wang (1981), and the U.S. Congress, Office of Tech­
nology Assessment (1980). One of'these methods is the Tsao/Purdue 
solvent extraction process. To ptoduce a gallon of ethanol from this 
process requires 40 pounds (dry matter) of residues. This could fall 
to as low as 20 pounds of residues per gallon of ethanol (Tyner and 
Bottum, 1979). Tyner and Bottum report that conversion costs per 
gallon of ethanol are $0.56 assuming that 40 pounds of crop residues 
are required and that the cost of production for a gallon of ethanol 
ranges from $0.96 to $1.36 per gallon as the cost of obtaining a ton 
of dry matter of crop residues ranges from $20 to $40 per ton. The 
range of cost for producing a gallon of ethanol from crop residues using 
the Tsao/Purdue solvent extraction process is similar to that for 
producing a gallon of ethanol from corn grain. 
Economics of Alcohol Production 
There are a number of factors which affect the profitability of 
ethanol from grains and crop residues. In the case of grains, these 
include the cost of corn and grain sorghum, the price of soybean meal, 
the price of distillers dried grains with solubles, the price of gluten 
meal, the price.of gluten feed, the price of vegetable oil, the price 
of gasoline, the cost of converting the grain into ethanol, the cost of 
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capital, technology available for the conversion process, the milling 
process chosen, and the availability of government subsidies. 
The profit equation for ethanol production from grains can be 
conceptualized as; 
Profit = revenue from alcohol sales - feedstock cost net of the 
value of the milling by-products - conversion costs -
other costs 
Conversion costs include depreciation, labor, maintenance, 
energy, and property taxes associated with the mill. Other costs 
include marketing expenses and any transportation expenses incurred. 
The sales price depends upon the cost of gasoline and any subsidies, 
such as the present exemption for gasohol from the four cent per gallon 
federal excise tax on gasoline, which are available to alcohol produc­
tion. 
The part of this equation that is the most variable over time is 
feedstock cost net of the value of the milling by-products. Using time 
series data covering the period from October 1974 to September 1981 
shows that this has varied considerably over time. The following 
discussion assumes that 2.6 gallons of ethanol can be obtained from a 
bushel of corn. For the dry milling process the lowest cost occurred 
in August 1977, 32 cents per gallon of alcohol, and the highest cost 
occurred in October 1974, $1.03 per gallon. For the wet milling 
process the lowest cost occurred in January 1978, 20 cents per gallon, 
and the highest cost occurred in October 1974 and March 1981, 79 cents 
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per gallon. Over this time period, the feedstock cost net of the 
value of the milling by-products has always been lower for the wet 
milling process than for the dry process. The difference has ranged 
from 1 cent up to 25 cents per gallon of ethanol. The net cost 
tends to move in the same direction as does the price of corn, but 
this is not always the case. Table 34 in the Appendix lists corn 
prices and the feedstock cost net of the value of the milling by­
products for the period October 1974 through September 1981. 
Purpose of Study 
This study has a number of purposes. First, the study models 
normative supply responses in agriculture to large-scale fuel alcohol 
production. In ascertaining these responses, changes in resource use, 
crop and livestock production patterns, production practices, live­
stock feed rations, and crop, land, meat, and milk prices are examined. 
In order to determine changea which occur in resource use, changes in 
the use of land, energy, fertilizers, pesticides, and water are 
examined. Second, the study seeks to determine the benefits of improv­
ing current technology. What are the benefits of improving the grain-
to-alcohol conversion process so that 3.0 gallons may be obtained from 
a bushel of corn or grain sorghum instead of the currently attainable 
2.6 gallons per bushel? Also, what are the benefits of a new alcohol 
conversion technology, cellulose conversion? Third, there are trade­
offs between crop exports and alcohol production. As the level of 
alcohol production from grains increases, agricultural commodity prices 
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increase. As prices increase, this decreases the quantity of agricul­
tural commodities demanded as crop exports. How large are these price 
increases? The level of crop exports can have a significant impact on 
agricultural commoditity prices. How does the level of exports impact 
on the cost of producing alcohol from grains? Fourth, in what regions 
is alcohol produced and what are the quantities of the different feed­
stocks used for alcohol production? 
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MODEL DESCRIPTION 
The model used in this study is based largely upon previous 
models developed at the Center for Agricultural and Rural Development 
(CARD). These models Include the CARD-Resources Conservation Act (RCA) 
model (English, Alt, and Heady, 1982), the soil loss-export model 
(Short and Heady, 1982), the CARD energy model (Dvoskin, Heady, and 
English, 1978), and the National Water Assessment model (Meister and 
Nicol, 1975). The model is set for the year 2000. In this time frame, 
it is possible for the investment and infrastructural changes which 
are required by the agricultural and nonagricultural sectors to permit 
( • 
large-scale fuel alcohol production to occur. 
The model consists of endogenous and exogenous components. The 
endogenous component of the model consists of a national linear pro­
gramming model whose objective function is to minimize the cost of pro­
ducing and transporting 11 endogenous crops, 4 livestock commodities, 
alcohol, and milling by-products, subject to maximum regional constraints 
on land and water availability and regionally distributed demands for 
agricultural commodities. Unlike most CARD linear programming models, 
this model has only one, instead of five land groups. The geographic 
area covered by the linear programming model is the continental United 
States. The exogenous component of the model consists of projections 
for the year 2000 of the resources needed to produce the agricultural 
commodities exogenous to the model and projections of population, 
exports, crop yields, and resource availability. The model may also 
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be divided into a number of sectors: crop production, water, livestock, 
transportation, alcohol, and demand. 
Regional Delineation 
The model is defined over the continental United States and inter­
actions with the rest of the world are limited to exogenously determined 
levels of crop exports. The United States is divided into 105 produc­
ing areas (PAs), shown in Figure 7, which are based upon the Water 
Resources Council's aggregate subareas. The PAs may be divided into 
two groups according to the specification of irrigation activities. 
Irrigation with surface and groundwater takes place in PAs 48 to 105, 
while no irrigation activities are defined for PAs 1 to 47. The PAs 
may also be categorized according to whether crop residues are produced 
for conversion to alcohol (Figure 8). In group Al, residues may be 
harvested from all land. In group A2, residues may only be collected 
from irrigated land. In group B, no residues may be harvested for the 
purpose of being converted into alcohol. 
Contiguous producing areas are aggregated into 28 market regions 
(MRs) as shown in Figure 9. Each market region is identified by a 
major city within its boundaries and between each of these cities 
transportation activities are defined. Commodity demands are set at 
the market region level, except for cotton, whose demand is set at the 
national level. Nitrogen available from livestock wastes, nitrogen 
fertilizer, and energy prices function at the market region .level and 
crop shadow prices are also determined at this level. 
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Figure 8. Land used in the model for residue removal (Al, A2) 
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For reporting purposes, only, contiguous market regions are aggre­
gated into seven major zones; North Atlantic, South Atlantic, North 
Central, Great Plains, South Central, Northwest, and Southwest (Figure 
10). 
Activities 
There are five main types of activities in the model: crop 
production, livestock feeding, commodity transportation, alcohol produc­
tion, and resource supply. Included among the resource supply activi­
ties are land, water, nitrogen fertilizer, land conversion, and 
irrigation development activities. Commodity transportation activities 
provide for the interregional transfer of commodities which allows the 
model to simulate interrregional competition. 
Crop production activities 
The crop production sector represents the central core of the 
model. Crop rotations are used to simulate crop production. They 
are defined at the producing area level. Rotations contain between 
one and four crops produced in fixed proportions and are typical of 
production practices in the producing area. They may be up to five 
years in duration. The crops endogenous to the model are barley, 
corn grain, oats, grain sorghum, wheat, soybeans, cotton, legume hay, 
nonlegume hay, corn silage, and sorghum silage. In the more arid areas, 
summer fallowing land is included in some rotations. 
Each rotation may be produced using one of three tillage practices 
and one of three levels of fertilizer use. The three tillage practices 
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incorporated into the model are conventional tillage with residue 
removed in the fall, conventional tillage with residue removed in the 
spring, and reduced tillage. Reduced tillage is defined as leaving 
some residue on the ground all year, although the quantity varies by 
area. Different costs for machinery, labor, and pesticides and 
different energy coefficients are estimated for each tillage practice. 
Yields and energy use coefficients vary according to the level of 
fertilizer use. The amount of fertilizer required for application in 
a given rotation is reduced by the nitrogen fixed in the soil by soy­
beans and legume hay if these crops are included in the rotation. 
There are a number of activities which produce only hay and use 
water. These activities allow endogenous crops to compete for water 
which may be used on hayland exogenous to the model. 
Commodity and water transfers 
and land conversions 
Commodity transfer activities are defined for barley, corn, oats, 
grain sorghum, wheat, soybeans, beef, pork, milk, feeder cattle, 
ethanol, and milling by-products between all contiguous market regions 
and selected noncontiguous market regions. Information on costs and 
routes may be found in English, Alt, and Heady (1982). It is assumed 
that crops, ethanol, .and milling by-products are shipped by rail and 
that livestock and livestock products are shipped by truck. To reflect 
the differing fuel efficiencies of these two modes of transportation, 
it is assumed that one gallon of diesel is required for each 297 ton-
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miles for railroads and that 1 gallon of diesel is required for each 
125 ton-miles for trucks. 
Although there may be opportunities to move ethanol through pipe­
lines, in this study it is assumed that all interregional transportation 
of ethanol is by rail. It may be desirable to ship ethanol in the 
opposite direction that oil product pipelines flow. Transportation by 
rail allows movement of ethanol in any direction between all market re­
gions. Data in David et al. (1978) indicate that the cost of transporting 
ethanol is the same as that for grains and seeds. Based on this, in 
the model, the same rail costs on a per weight basis used for ethanol 
are used for corn. 
Two sets of water transfers are defined in the model. One set 
represents natural flows of surface water along rivers between PAs. 
The other represents the transfer of water between PAs through canal 
systems and, in a few cases, corrections for the establishment of PA 
boundaries along county lines, rather than natural watershed boundaries. 
Costs are levied for water transfers along canals and represent canal 
operation costs, but no charges are levied on natural transfers. 
Activities exist to allow for the conversion of pasture and forest 
to nonirrigable cropland. There are 37.6 million acres of pasture 
and forest which have a high potential to be converted into cropland.^ 
High potential land is land that will probably come into agricultural 
production by the year 2000. The decision as to including land conversion 
^Based on the 1977 National Resources Inventory (U.S. Department of 
Agriculture, 1980a). 
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activities in the model has a strong influence on some results of the 
model, particularly crop and land shadow prices. 
The objective function 
The objective function is to minimize the cost of satisfying the 
fixed level of demands specified. The sum of rotation costs, livestock 
production costs, land conversion costs, water transfer costs, and 
commodity transportation costs makes up the objective function. Included 
in rotation costs are machinery costs, labor costs, crop drying costs, 
irrigation costs, and purchases of fertilizers and pesticides. Costs 
for all activities are input into the model in 1975 dollars. Through 
the use of a price index, these may be updated to current dollar costs. 
Constraints 
Constraints in the model are specified for land, water, and com­
modity demands. The driving force in the model is to satisfy the 
exogenously specified levels of commodity demands. Minimum levels of 
demands must be met at the market region level for all commodities 
except cotton and alcohol. Cotton demand is set at the national 
level, independent of market regions. A national minimum level of 
demand for alcohol is specified and maximum regional demands are 
defined. Maximum regional demands are set at 20 percent of the amount 
of gasoline used for highway use in a market region in 1979. 
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Land and water constraints 
The main limitation on production is land. Available land and 
water are bounded at the producing area level. Table 8 shows available 
land in the model. 
Table 8. Land available in the model 
Type of land Amoupt 
(million acres) 
314.6 
38.7 
37.6 
390.9 
Dryland 
Irrigable land 
Pasture and forest conversion 
Total 
Demands for land and water by exogenous crops, exogenous live­
stock, and nonagricultural uses are determined exogenously. Land and 
water constraints are determined such that these resource demands are 
satisfied. 
Water for use by irrigated rotations may be supplied either from 
groundwater or from surface water. Conveyance losses for surface water 
delivered from rivers are incorporated into the model. It is assumed 
that groundwater is pumped on the farm where it is used, so cor 'eyance 
losses are assumed to be zero. The amount of surface water that may 
be utilized in each producing area is bounded. In only a few producing 
areas, is the amount of groundwater that may be pumped bounded. 
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Commodity demands 
The level of commodity demands specified in the model strongly 
influences the results of the model. Crop demands consist of demands 
for human consumption, exports, livestock feed, and other uses. Demands 
for crops by livestock endogenous to the model are determined within the 
model. Demands for crops for domestic uses can be fairly well-projected 
into the future using current per capita demands and estimated future 
population. The population of the United States is assumed to be 260 
million in 2000. 
A great deal more uncertainty surrounds future levels of crop 
exports. Crop exports have increased quite rapidly over the past 10 
years, but it is uncertain as to whether crop exports will continue 
to grow at such a rapid pace. Since the level of crop demands specified 
has a strong influence on the model results and uncertainty surrounds 
future levels of crop exports, two levels of crop exports are considered. 
The lower level is set at 1980 crop export levels and the higher level 
is set at one and one-half times 1980 crop export levels. Cotton 
exports have been fairly volatile, so a five-year average of exports 
from 1976 to 1980 is used at each level of exports. Nonfeed crop 
demands may be found in Table 9. 
Demands for endogenous livestock products, net of the demands 
satisfied by imports, are 33.1 billion pounds for beef, 17.6 billion 
pounds for pork, and 133.7 billion pounds for milk. 
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Table 9. Nonfeed crop demands used in the model 
Crop Unit 
Nonfeed 
domestic 
demands 
Export level 
Low^ High^ 
Total nonfeed 
demand 
Low High' 
(millions of units) 
Corn bushel 998 2,350 3,525 3,348 4,523 
Grain sorghum bushel 24 290 435 314 459 
Oats bushel 112 12 18 124 130 
Barley bushel 289 66 99 355 388 
Wheat bushel 809 1,508 2,262 2,317 3,071 
Soybeans bushel 454 1,062^ 1,593 1,516 2,047 
Legume hay ton 0 0 0 0 0 
Nonlegume hay ton 0 0 0 0 0 
Silage ton 0 0 0 0 0 
Cotton bale 7.5 6.3® 6.3® 13.8 13.8 
^Net exports. 
^1980 exports. 
^1.5 times 1980 exports, except cotton. 
'^Calculated on the basis of soybean exports plus the bushels of 
of soybeans required to produce soybean meal equal to soybean meal 
exports. 
five-year average of 1976 to 1980. 
The Livestock Sector 
The livestock sector plays an important role in the model. It is 
in this sector that most of the milling by-products from the grain-to-
alcohol conversion process are utilized. Distillers dried grains with 
solubles (DDG), gluten feed, and gluten meal may be substituted for 
oilmeals (soybean meal and cottonseed meal) in the rations fed to the 
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livestock endogenous to the model and DDG and gluten feed may be par­
tially substituted for corn and grain sorghum in fed beef rations. 
There are endogenous and exogenous components of the livestock 
sector. Dairy cattle, fed beef, nonfed beef, and hogs are endogenous 
to the model. The exogenous portion of the livestock sector consists 
of sheep, layers, broilers, and turkeys. 
Activities 
Activities are defined for each type of livestock endogenous to 
the model. Dairy activities produce milk, beef, feeder cattle, and 
nitrogen fertilizer. Fed beef activities produce beef and nitrogen 
fertilizer and utilize feeder cattle. Nonfed beef activities produce 
beef, feeder cattle, and nitrogen fertilizer. Hog activities produce 
pork and nitrogen fertilizer. Each of these activities uses endogenous 
crops. 
Feed rations 
Feed rations have been developed at the Center for Agricultural 
and Rural Development (CARD) for use in CARD models. The rations used 
for endogenous livestock come from Meister and Nicol (1975) and those 
for the endogenous livestock come from Schraufnagel and English (1982). 
There are 6 rations for dairy cattle» 16 for fed beef, 5 for nonfed 
beef, and 6 for hogs. These rations are referred to as standard 
rations. Between two and six crops are utilized in each ration. The 
rations developed in Meister and Nicol are for 1985. These rations 
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are adjusted for the year 2000 by assuming a 5 percent increase in feed 
utilization efficiency. A new set of rations is developed which allows 
for the use of the milling by-products by adjusting the standard 
rations developed in Meister and Nicol. Gluten meal, DDG, and gluten 
feed are allowed to be completely substituted for the oil meal portion 
of dairy, fed beef, nonfed beef, and hog rations. 
Determination of rations where DDG. 
gluten feed, and gluten meal are 
substituted for oil meals 
The protein content and metabolizable energy content of each 
standard ration are determined using protein and energy values obtained 
from the National Academy of Sciences (1976,1978, 1979) and Jurgens 
(1978). Gluten feed is converted into DDG equivalents. It is assumed 
that when DDG or gluten meal is substituted for the oil meal portion 
of each standard ration, the protein content and metabolizable 
energy content of the adjusted ration must be the same as those of the 
standard ration. The adjusted ration is determined by solving a system 
of simultaneous equations in which protein and energy constraints must 
be met and all nonoil meal crops in the adjusted ration are in the 
same proportion (by weight) as they are in the standard ration. 
Since DDG, gluten feed, and gluten meal are lower in calcium and 
phosphorus than is soybean meal (the primary oil meal), the adjusted 
ration may be deficient in these elements. It is assumed that calcium 
and phosphorus supplements, such as dicalcium phosphate or deflorinated 
phosphate, may be added to the ration to compensate for these 
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deficiencies. Also, the amino acid balance in DDG, gluten feed, and 
gluten meal may not be satisfactory for some hogs. Lysine is the first 
limiting amino acid when DDG, gluten feed, and gluten meal are sub­
stituted for soybean meal. It is assumed that by the year 2000 an 
artificial lysine additive will have been developed and added to hog 
rations when necessary. 
Gluten meal may also be used as a partial substitute for oil meals 
used in rations fed to poultry. Ewlng (1963) and Schaible (1970) indi­
cate that gluten meal may be substituted for soybean meal in poultry 
rations, up to 5 percent of the ration, and that no adverse impacts 
occur. To allow for the substitution of gluten meal for oil meals up 
to approximately 5 percent of the ration, an activity to do this is 
defined for each market region. 
Rations are also determined for fed beef which allow DDG to be 
used as energy feed. DDG is substituted on a pound-for-pound basis 
for corn and/or grain sorghum so that the DDG constitutes 25 percent 
of the ration on a dry matter basis. Ward and Matsushima (1980) 
indicate that when DDG is substituted for corn on a pound-by-pound 
basis and constitutes 30 percent of a feedlot cattle ration, gain is 
the same for the ration with the DDG as it is for a ration without the 
DDG. Rouse and Trenkle (1980) consider the substitution of wet dis­
tillers grains^ from corn and allow this to be substituted for corn 
so that it constitutes 15 percent of the ration on a dry weight basis. 
^The wet distillers grains in Rouse and Trenkle (1980) is 18 per­
cent dry matter, while typical DDG is about 90 percent dry matter. 
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Similar performances by the two rations occur. The use of DDG as an 
energy feed is incorporated into the model because DDG can be used in 
much greater quantities as an energy feed than as a protein supplement. 
However, in none of the model solutions is DDG used as an energy feed. 
Aftermath 
Some of the stalks of grain plants left after the grain is har­
vested can be utilized by cattle. Alich, Inman, and Ernest (1976) 
indicate that none of the stalks of wheat, barley, or oats are used as 
feed. Ten percent of com stalks are used for feed and bedding 
(Buchele and Marley, 1979). 
In this study, it is assumed that 5 percent of the corn stalks 
and sorghum stalks available can be utilized by livestock. Corn stalks 
and sorghum stalks are called stover. Stovers are similar in fiber 
and energy content to nonlegume hays, but are lower in protein content 
than are nonlegume hays (National Academy of Sciences, 1976). Corn 
stover and sorghum stover and an oil meal supplement are allowed to be 
substituted for nonlegume hay use in the model, such that the meta-
bolizable energy and protein supplied by the stover and the oil meal 
supplement are equal to those provided by the nonlegume hay for which 
they substitute. 
Alcohol and Milling By-Products 
Two grain-to-alcohol conversion efficiencies are incorporated into 
the model. Both corn and grain sorghum may be converted into alcohol. 
It is assumed that the dry milling and wet milling of these two grains 
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yield the same amount of alcohol. With current technology, this is 
assumed to be 2.6 gallons per bushel, and with improved technology, 
this is assumed to be 3.0 gallons per bushel. In order to simplify 
the construction of the model and keep the size of the model smaller, 
the milling by-products from the grain sorghum-to-alcohol conversion 
processes are converted into corn milling by-product equivalents and 
gluten feed is turned into distillers dried grains with solubles 
equivalents. These conversions are made by comparing the protein and 
energy content of a pound of the sorghum milling by-products to those 
of a pound of the same corn milling by-product and converting the 
sorghum milling by-product into a corn milling by-product on the basis 
of which of the energy equivalent or protein equivalent yields less 
of the corn milling by-product. The same general procedure is used to 
convert corn gluten feed into corn distillers dried grains with solubles. 
Outputs from the two milling processes under the two technology levels 
are shown in Table 10. 
As an example of this procedure, corn gluten feed, on a dry matter 
basis, is 28.1 percent crude protein and contains 2,965 kilocalories 
of metabolizable energy for cattle per kilogram of dry matter. Corn 
distillers dried grains with solubles is 29.8 percent crude protein 
and contains 3,182 kilocalories of metabolizable energy for cattle 
per kilogram of dry matter. On a protein basis, one pound of corn 
gluten feed is equivalent to (28.1/29.8) = 0.9430 pounds of corn 
distillers dried grains with solubles and, on a metabolizable energy 
basis, one pound of corn gluten feed is equivalent to (2965/3182) = 
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Table 10. Outputs from the dry and wet milling processes for the two 
technology levels 
Technology milling 
method and 
feedstock 
Corn distillers Com gluten 
dried grains with tnëàl j, 
Ethanol solubles equivalents equivalents 
(gallons/bu.) •(cwt./bu.)-
Current technology 
Dry milling 
Corn 
Grain sorghum 
2 . 6  
2 . 6  
0.170 
0.166 
Wet milling 
Corn 2.6 
Grain sorghum 2.6 
0.055 
0.063 
.071 
.075 
Improved technology 
Dry milling 
Corn 
Grain sorghum 
Wet milling 
Corn 
Grain sorghum 
3.0 
3.0 
3.0 
3.0 
0.113 
0.110 
0.014 
0.033 
0.057 
0.049 
^Protein contents of 28.0 percent and 42.0 percent for the current 
and Improved conversion technologies, respectively. 
^Protein contents of 42.4 percent and 64.0 percent for the current 
and improved conversion technologies, respectively. 
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0.9318 pounds of corn distillers dried grains with solubles. The 
lesser of these two values, 0.9318, is used to convert corn gluten 
feed into corn distillers dried grains with solubles. 
As grain-to-alcohol conversion technology is improved, part of 
the carbohydrates that remained in the milling by-products when using 
current technology is converted into alcohol. The milling by-products 
from one bushel of grain contain the same amount of protein, but less 
metabolizable energy. The energy density (metabolizable energy per 
unit of weight) of the milling by-products are assumed to be unchanged 
as technology changes. 
With the technology currently availajjle for the wet milling 
process, gluten meal with a 62 percent protein content and gluten feed 
with a 22 percent protein content are obtained. These are mixed to 
obtain a feed with a 42 percent protein content which is also known 
as gluten meal. Gluten meal with the 42 percent protein content, not 
the 62 percent protein content, is usually used in the literature on 
livestock feeding. Gluten meal, with a 42 percent protein content, 
is utilized in the livestock rations which are used in conjunction with 
current alcohol conversion technology. With the improved alcohol 
conversion technology it is assumed that the gluten meal and gluten 
feed which are obtained from the wet milling process are mixed in the 
same proportion as they are with current technology. 
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DDG, gluten feed, and gluten meal may be substituted for soybean 
exports on the basis of their relative protein contents. 
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Two residue to alcohol conversion efficiencies are incorporated 
into the model; AO pounds of dry matter per gallon of alcohol and 20 
pounds of dry matter per gallon of alcohol. Two delivered costs of 
crop residues are considered. Tyner and Bottum (1979) suggest a cost 
of $42 per ton and English et al. (1980) suggest a cost of $23 per ton. 
These costs are in 1981 dollars. Residues from corn, grain sorghum 
barley, oats, and wheat are considered as possible sources of crop 
residues in the model. Factors which indicate how much residue may be 
obtained from each of these crops relative to the yield of grain from 
each of these crops may be found in Alich, Inman, and Ernest (1976). 
Energy Use and Energy Prices 
There are four types of energy used in the model: diesel, 
natural gas, liquid petroleum gas (LPG), and electricity. Diesel 
serves as a proxy for petroleum based fuels such as gasoline, naptha, 
and fuel oil. Diesel equivalents are used for machinery operations, 
pesticides, and water applications. Natural gas is used for fertil­
izers, pesticides, and water applications. LPG is used for drying corn 
and grain sorghum and water applications. Electricity is used for 
fertilizers, pesticides, and water applications. 
National energy prices used in the model are $2.19 per gallon of 
diesel, $9.91 per thousand cubic feet of natural gas, $1.28 per gallon 
LPG, and $0.0614 per kilowatt-hour (KWH) of electricity (Jennrich, 
1981). These prices are in 1981 dollars. Adjustments are made to 
these national energy prices to account for regional differentials in 
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energy prices that have occurred over the past few years. Energy 
prices used in the model, in 1975 dollars, by market region may be 
found in Table 11. 
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Table 11. Energy prices used In the model In 1975 dollars 
Market region Diesel Natural gas LPG Electricity 
($/gallon) ($/10^ cubic feet) ($/gallon) ($/KWH) 
1 1.226 6.214 0.865 0.0507 
2 1.229 6.168 0.806 0.0490 
3 1.215 6.396 0.767 0.0504 
4 1.224 6.428 0.745 0.0472 
5 1.204 5.490 0.758 0.0478 
6 1.237 6.313 0.819 0.0529 
7 1.205 5.764 0.746 0.0486 
8 1.197 5.539 0.732 0.0508 
9 1.192 5.479 0.734 0.0466 
10 1.172 5.207 0.743 0.0463 
11 1.231 5.006 0.747 0.0467 
12 1.189 5.686 0.741 0.0469 
13 1.208 5.490 0.732 0.0516 
14 1.181 5.665 0.719 0.0448 
15 1.181 5.543 0.717 0.0490 
16 1.186 5.213 0.714 0.0401 
17 1.173 5.293 0.700 0.0481 
18 1.174 4.779 0.704 0.0486 
19 1.178 5.309 0.716 0.0481 
20 1.174 5.451 0.708 0.0487 
21 1.166 5.104 0.714 0.0459 
22 1.176 5.377 0.709 0.0491 
23 1.180 5.279 0.711 0.0516 
24 1.145 6.713 0.778 0.0336 
25 1.157 5.122 0.728 0.0461 
26 1.165 5.795 0.823 0.0545 
27 1.157 5.751 0.778 0.0497 
28 1.156 5.686 0.776 0.0501 
U.S. 1.190 5.630 0.750 0.0480 
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RESULTS 
Model Solutions 
Six solutions of the model are obtained when only grains are allowed 
to be converted into alcohol. In this series of solutions, the levels of 
crop exports and alcohol production are varied. Three solutions are 
obtained when both crop residues and grains are converted into alcohol. 
The cost of obtaining residues for conversion to alcohol and the conver­
sion rates for grains and crop residues are varied in these solutions. 
Table 12 lists the solutions obtained, indicating the level of exports 
assumed and the conversion technology used in each solution. 
The use of the letter L in the abbreviated name of a solution of 
the model indicates that 1980 crop export levels have been assumed, while 
the use of the letter H indicates that one and one-half times the level 
of 1980 crop exports have been used. For the solutions where only grain 
is allowed to be converted into alcohol, the first number in the abbre­
viated name of the solution represents the annual level of alcohol fuel 
production in billions of gallons and the second number (after the L or 
H) represents the rate of conversion of corn and grain sorghum into 
alcohol. A 2 indicates that 2.6 gallons of alcohol may be obtained from 
a bushel of corn or grain sorghum and a 3 indicates that 3.0 gallons of 
alcohol may be obtained from a bushel of corn or grain sorghum. The use 
of BASE indicates that no alcohol production is allowed. 
In the discussion of the results, shadow prices are referred to. 
The shadow price for an output represents the cost of all the inputs 
that are required to produce the last unit of output, or in the case 
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of an input, represents how much the cost of production can be reduced 
by having one more unit of the input. 
All dollar figures reported in this chapter on results are in 
1981 dollars. 
Table 12. Assumptions used in each of the model solutions 
Source of alcohol 
production and Level 
abbreviated of 
solution name exports 
Grain-to- Residue-to-
Level of alcohol 
alcohol conversion 
production factor 
No alcohol production 
BASEL 
BASEH 
1980 
1.5*1980 
(bil. gal.) (gal./bu.) 
0 
0 
alcohol 
conversion 
factor 
lïbV^/gal.) 
Grain-to-alcohol 
conversion only 
6L2 
12L2 
6L3 
1213 
3H3 
6H3 
1980 
1980 
1980 
1980 , 
1.5*1980: 
1.5*1980 
Both grain and 
residue conversion 
2.6/20 1980 
3.0/40 1980 
3.0/20 1980 
6 
12 
6 
12 
3 
6 
6 
6 
6 
2.6 
2.6 
3.0 
3.0 
3.0 
3.0 
2.6 
3.0 
3.0 
20 
40 
20 
Pounds of dry matter. 
'one and one-half times 1980 crop export levels. 
Methods of Analysis 
In determining supply responses in agriculture to large-scale 
alcohol production and the benefits of Improving and changing alcohol 
conversion technology, the values of variables of interest in the model, 
such as land use, energy use, and the cost of production, from solutions 
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in which alcohol production takes place, are compared to the values of 
these variables in what is known as a "base solution." As an example, 
it is desired to find the supply responses of agriculture to increasing 
levels of alcohol production. Solutions in which 6 billion gallons and 
12 gallons of alcohol are produced, 1 bushel of grain yields 2.6 gallons 
of alcohol, and 1980 export levels are assumed, are compared to the 
base solution in which 1980 crop export levels are assumed and no alcohol 
production is required. 
The results derived from the solutions of the model should not be 
construed as predictions of the future, rather as projections of what 
may be, given the data input into the model. Attention should not be 
concentrated upon the absolute levels of the model variables. Instead, 
it is the levels of the model variables in one solution relative to 
their magnitude in another solution that should be analyzed. 
The Effects of Increasing Alcohol Production 
If large amounts of alcohol are produced from corn and grain 
sorghum, then significant changes are required in agriculture. The 
most significant of these changes are the substitution of com and 
grain sorghum production for soybean production and the changes that 
take place in livestock feed rations. Annual production of 6 billion 
and 12 billion gallons of alcohol at a grain-to-alcohol conversion 
rate of 2.6 gallons per bushel are considered in this section. Solu­
tions 6L2 and 12L2 are compared to BASEL. The impacts that these two 
levels of alcohol production have at a grain-to-alcohol conversion 
rate of 3.0 gallons per bushel are similar to those obtained at the 2.6 
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gallon per bushel conversion rate, except for some significant differ­
ences in livestock feed rations. Differences that occur as a result 
of the two different conversion rates can be found In the section 
entitled "The Effects of Changing Technology" (p. 87). 
In BASEL, the total cost of production is $72.7 billion. To pro­
duce the first 6 billion gallons of alcohol, the cost of production 
rises approximately $7 billion and to produce the next 6 billion 
gallons of alcohol, the cost of production rises an additional $9 billion. 
The cost of production in 6L2 is 9.6 percent greater than in BASEL 
and the cost of production in 12L2 is 22.0 percent greater than in 
BASEL. About two-thirds of the increase in the cost of production 
results from increasing land costs (Table 13). Since the level of crop 
production must increase to meet alcohol feedstock requirements, per 
Table 13. The cost of production at increasing levels of alcohol 
production 
Cost BASEL 
Solution 
6L2 12L2 
Nonland 
Land 
Total 
(billion dollars) 
50.9 53.2 
21.8 26.5 
72.7 79.7 
55.7 
33.0 
88.7 
Nonland 
Land 
Total 
(percentage change from BASEL) 
4.6 9.5 
21.2 51.2 S 
9.6 22.0 
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unit prices of agricultural commodities generally do not rise by as 
great a percentage as does the overall cost of production (Table 14). 
The increases for grain sorghum are particularly large because the 
production of grain sorghum increases significantly in order to meet 
its demand as an alcohol feedstock. 
Table 14. The response of commodity shadow prices to increasing 
alcohol production 
Solution 
Commodity Unit BASEL 6L2 12L2 
($/unit) (percentage increase from BASEL) 
Corn bushel 2.58 7.2 16.3 
Grain sorghum bushel 2.41 11.9 29.4 
Wheat bushel 4.37 5.4 13.5 
Soybeans bushel 5.83 5.5 13.4 
Cotton pound 0.62 2.6 6.4 
Silage ton 21.86 5.6 12.1 
Beef cwt. 125.27 4.1 10.1 
Pork cwt. 64.94 3.9 7.1 
Milk cwt. 9.32 2.3 4.1 
Feeders feeder 499.48 4.0 10.5 
Crop production patterns 
As alcohol production takes place, the primary change in crop 
production patterns that occurs is corn production being substituted 
for soybean production. Soybean production falls in the North Atlantic, 
North Central, and South Central regions, but rises significantly in 
the Great Plains region as alcohol production occurs. In the South 
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Atlantic region, soybean production initially rises as alcohol is pro­
duced, but falls as alcohol production increased further. The bulk of 
the change in soybean production takes place in the North Central region, 
where soybean production is 45 percent less in 12L2 than it is in BASEL 
(Table 15). Soybean acreage in the North Central region declines 12.3 
million acres when 6L2 is compared to BASEL and 21.1 million acres when 
12L2 is compared to BASEL. The number of acres devoted to corn grain 
production in the North Central region increases more than the decline 
in soybean acreage, rising 14.7 million acres when 6L2 is compared to 
BASEL and 31.0 million acres when 12L2 is compared to BASEL. 
Table 15. The regional response of soybean production to alcohol 
production 
Solution 
Region BASEL 6L2 12L2 
(million bushels) (change from BASEL in million 
of bushels) 
North Atlantic 114.7 -24.7 -26.8 
South Atlantic 526.1 +66.2 -45.7 
North Central 1,805.8 -456.0 -822.5 
Great Plains 196.7 +25.1 +97.6 
South Central 140.3 -0.1 -13.2 
United States 2,783.8 -389.7 -810.7 
Total crop production is shown in Table 16. Changes in crop 
production are induced by alcohol production and changing livestock 
feed rations. Looking at only total production hides adjustments, 
in addition to corn being substituted for soybeans, that take place 
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in regional production patterns. In the North Central region, corn 
grain, grain sorghum, and wheat are substituted for soybeans, hay, and 
corn silage. Grain sorghum, oats, corn, barley, and soybeans are 
substituted for wheat and hay in the Great Plains region. In the 
South Central region, hay is substituted for corn. Additional land is 
brought into production on which grain sorghum and silage are grown 
in the South Atlantic region. 
Table 16. Changes in crop production in response to alcohol production 
Solution 
Crop Unit BASEL 6L2 12L2 
(million bushels) (change from BASEL in millions 
of units) 
Corn bushel 7,397.9 1,793.2 3,657.9 
Grain sorghum bushel 676.0 183.3 468.4 
Barley bushel 414.5 -0.1 -4.2 
Oats bushel 295.4 -2.0 -4.3 
Wheat bushel 2,393.3 0.0 0.0 
Soybeans bushel 2,783.8 -389.7 -810.7 
Legume hay ton 81.2 -5.6 -4.1 
Nonlegume hay ton 77.7 -15.5 -9.6 
Silage ton 396.3 23.0 -21.8 
Resource use 
The use of certain resources by agriculture increases substantially 
when large-scale alcohol production occurs. The resources include 
irrigated land, nitrogen fertilizers, natural gas, and LPG (Table 17). 
Since most land is utilized In the base solution (BASEL), the existing 
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land base must be utilized more intensively in order to meet the Increase 
in demand for agricultural products caused by alcohol production. The 
two main methods by which land may be more intensively utilized are 
the use of more fertilizers and more irrigation. Both of these methods 
are energy intensive in nature. 
Table 17. Resource use at different alcohol production levels 
Solution 
Input Unit BASEL 6L2 12L2 
(units) (increase in units from BASEL) 
Land mil. acres 379.56 4.26 6.60 
Irrigated land mil. acres 11.34 2.14 3.40 
Land development^ mil. acres 28.44 3.75 5.82 
Nitrogen fertil­
izer bil. pounds 9.69 1.62 4.01 
Potassium bil. pounds 6.32 0.06 0.47 
Phosphorus bil. pounds 4.03 0.20 0.49 
Pesticides bil. dollars 5.53 0.57 0.77 
Diesel bil. gallons 5.83 0.15 0.27 
Natural gas bil. cu. ft. 360.20 54.00 121.90 
LPG mil. gallons 691.20 197.00 401.10 
Electricity bil. Kwh. 27.21 2.49 3.41 
Total energy quads 1.28 0.10 0.21 
^This is land converted from permanent pasture or forest to land 
for use by the endogenous crops. 
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The amount of land that comes into production as alcohol produc­
tion occurs is not large, less than 2.0 percent of the amount of land 
farmed when no alcohol production occurs. Almost 90 percent of the 
additional land coming into production comes from the conversion of 
permanent pasture and forests into cropland. Reflecting the scarcity 
of additional land that can be brought into production, the shadow 
price of land, which represents the rental value of land, increases 
from $57.49 per acre in BASEL to $68.95 per acre in 6L2 and to $85.47 
per acre in 12L2. So the shadow price of land increases almost 50 
percent when 12 billion gallons of alcohol are produced. 
The use of all three types of fertilizers, nitrogen, phosphorus, 
and potassium, increases as alcohol production occurs, with the most 
pronounced increase occurring for nitrogen fertilizer. There are two 
factors which interact to cause this. The first factor is the general 
increase in the per acre use of fertilizers which occurs as the inten­
sity of production increases and the second is the change that occurs 
in fertilizer use due to shifts in the relative amounts of crops that 
are produced, such as corn relative to soybeans, and the differences 
in fertilizer use by different crops. Per acre use of fertilizers 
for some of the endogenous crops in BASEL is listed in Table 18. 
Corn uses considerably more nitrogen fertilizer, but smaller amounts 
of potassium and phosphorus fertilizers than do soybeans. So, as 
alcohol production takes place, causing a general increase in the 
intensity of fertilizer use, and corn is substituted for soybeans. 
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Table 18. Per acre fertilizer use for selected endogenous crops in 
BASEL 
Crop 
Fertilizer 
Nitrogen Potassium Phosphorus 
(pounds per acre) 
Corn 54.04 20.40 12.17 
Grain sorghum 28.17 .40 5.47 
Wheat 29.78 8.71 8.97 
Soybeans 2.41 25.65 14.00 
Silage 49.60 19.91 11.24 
nitrogen fertilizer use increases considerably. The shift to the crop 
using less potassium and phosphorus fertilizer per acre, corn, dampens 
the increase in the use of these two fertilizers. 
Energy use in BASEL is 1.279 quads (quadrillion BTUs). An addi­
tional 0.103 quads are used in the agricultural production sector when 
6 billion gallons of alcohol are produced and an additional 0.109 
quads are needed to produce the next 6 billion gallons of alcohol. 
Twelve billion gallons of ethanol contain approximately one quad of 
energy. About 21 percent of the energy contained in 12 billion gallons 
of ethanol is consumed for the production of agricultural commodities. 
Not included in the energy consumed is any energy used in the grain-
to-alcohol conversion process. 
With regard to the liquid fuel balance question, an additional 
270 million gallons of diesel are required to produce 12 billion 
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gallons of alcohol. A gallon of diesel contains approximately 1.7 
times as much energy as does a gallon of ethanol. 
Most of the increase in diesel use is accounted for by machinery 
operations. Natural gas usage increases due to the increased use of 
nitrogen fertilizers. Natural gas is the primary feedstock used in 
the manufacture of nitrogen fertilizers. Most LPG is used for drying 
corn or grain sorghum. Since these two grains are the feedstocks 
for alcohol production, as alcohol production occurs, the use of LPG 
increases. Most of the increase in electricity use is accounted for 
by increases in the use of electricity for pesticide manufacturing 
and irrigation operations. 
Livestock production 
The most significant change seen in the livestock sector, as a 
result of alcohol production, is the substitution for the use of oil 
meals by DDG and gluten feed in livestock feed rations. Some shifts 
take place in the regional production patterns of beef and feeder 
cattle. The shadow prices of livestock products increase as the 
shadow prices of feeds rise. Generally these price increases are 
moderate. The shadow price of beef rises 4.1 percent and 10.1 percent 
for alcohol production of 6 and 12 billion gallons, respectively. The 
shadow price of pork rises 3.9 percent and 7.1 percent for alcohol 
production of 6 and 12 billion gallons, respectively. The shadow price 
of milk rises only 2.3 percent and 4.1 percent for alcohol production 
of 6 and 12 billion gallons, respectively. The shadow price of feeder 
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cattle, an intermediate product in the production of beef, rises 4.0 
percent and 10.5 percent for alcohol production of 6 and 12 billion 
gallons, respectively. The increases in beef shadow prices translate 
to about 5 cents and 13 cents per pound. On a percentage basis, the 
shadow prices of livestock products do not increase as much as the 
prices of the crops used as livestock feeds because a significant 
portion of the cost of livestock production is fixed. The higher the 
percentage of total costs that fixed costs make up, the lower the per­
centage increase in product prices. In the model specification, these 
costs are fixed in the sense that on a per unit basis of production 
they do not vary. In BASEL, fixed costs account for 23.9 percent of 
total costs for fed beef, 22.6 percent of total costs for nonfed beef, 
50.4 percent of total costs for dairy cattle, and 40.3 percent of total 
costs for hogs. 
With respect to regional livestock production patterns, beef 
production and feeder cattle production respond to alcohol production, 
but pork and milk production, at the major zone level of aggregation, 
do not. In all solutions of the model, all pork production takes place 
within the North Central region, although the shares among the market 
regions, which comprise this region, do vary by solution. The distri­
bution of milk production remains static throughout all model solutions. 
The regional distributions of beef production from fed beef and nonfed 
beef and feeder cattle production may be found in Table 19. As alcohol 
production increases, there is a significant shift out of the North 
Central region and into the South Atlantic region of beef produced 
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Table 19. Beef production from fed beef and nonfed beef and net feeder 
cattle production by region as alcohol production increases 
Region 
Solution 
BASEL 6L2 12L2 
(millions of cwt.) 
Beef from fed beef 
North Atlantic 40.426 40.762 42.844 
South Atlantic 69.309 76.115 96.922 
North Central 61.900 57.897 43.747 
Great Plains 49.857 50.465 52.727 
South Central 7.324 2.358 2.291 
Northwest 10.101 10.042 7.509 
Southwest 33.275 34.634 36.797 
Total U.S. 72.193 272.272 272.836 
Beef from nonfed beef 
North Atlantic 0.086 0.162 0.184 
South Atlantic 4.119 4.132 5.252 
North Central 10.199 9.881 6.038 
Great Plains 7.592 7.738 9.217 
South Central 12.084 12.004 12.294 
Northwest 4.815 4.834 4.987 
Southwest 4.027 4.066 4.283 
Total U.S. 42.922 42.816 42.255 
Feeder cattle^ (million head) 
North Atlantic -5.736 -5.788 -6.060 
South Atlantic -5.929 -7.049 -7.708 
North Central -0.308 0.148 -0.807 
Great Plains 0.270 0.314 1.533 
South Central 10.015 10.788 11.092 
Northwest 3.027 3.054 3.625 
Southwest -1.339 -1.528 -1.676 
^Number of feeder cattle produced minus number of feeder cattle 
used for fed beef production. 
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from fed beef. The shifts in beef production from nonfed beef are 
generally in the same direction as those that occur in beef production 
from fed beef. This is not surprising since the major product of the 
nonfed beef sector is feeder cattle, which is used as an input in the 
fed beef sector. 
The most obvious change in the feed consumed by livestock is the 
reduction in the use of oil meals and their replacement by the milling 
by-products, primarily DDG (Table 20). DDG also substitutes for corn 
and grain sorghum. This is because on an equal protein basis DDG 
contains more energy than does soybean meal. So the DDG substitutes 
for a combination of soybean meal, corn, and grain sorghum. Hogs show 
the sharpest decline in oil meal use as alcohol production occurs. No 
oil meals are used by hogs when 12 billion gallons of alcohol are 
produced. Hog production occurs in market regions in the North Central 
region in which nearly all the alcohol is produced. Oil meal use by 
dairy cattle also declines sharply, reaching nearly 0 when 12 billion 
gallons of alcohol are produced. Oil meal use by nonfed beef actually 
rises slightly when alcohol production is six billion gallons. It 
is interesting to note that very little grain is used in fed beef 
production. The ration used for fed beef consists primarily of silage 
and a high protein feed (oil meals, DDG, or gluten feed). 
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Table 20. Feed use by fed beef, nonfed beef, dairy cattle, hogs, and 
total feed use at different levels of alcohol production 
Livestock type Solution 
and feed Unit BASEL 6L2 12L2 
(million units) 
Fed beef 
Corn bushel 7.0 35.2 29.4 
Grain sorghum bushel 154.1 104.2 105.7 
Nonlegume hay ton 4.3 8.4 5.6 
Silage ton 296.8 286.8 290.8 
Oil meals cwt. 107.2 95.8 69.3 
DDG cwt. 0.0 16.3 52.6 
Gluten meal cwt. 0.0 8.2 16.7 
Nonfed beef 
Legume hay ton 65.8 60.3 63.5 
Nonlegume hay ton 201.4 189.5 197.4 
Silage ton 75.7 118.6 71.6 
Oil meals cwt. 76.6 82.6 37.1 
DDG cwt. 0.0 0.0 81.6 
Gluten meal cwt. 0.0 4.5 7.5 
Dairy cattle 
Corn bushel 1,329.4 1,293.7 1 ,201.8 
Legume hay ton 11.0 11.3 9.7 
Nonlegume hay ton 31.7 29.6 29.0 
Silage ton 11.9 12.0 10.3 
Oil meals cwt. 98.0 52.4 0.3 
DDG cwt. 0.0 88.8 216.6 
Gluten meal cwt. 0.0 2.9 0.0 
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Table 20 (continued) 
Livestock type Solution 
and feed Unit BASEL " 6L2 12L2 
(million units) 
Hogs 
Corn bushel 1,914.7 1,763.2 1,701.6 
Grain sorghum bushel 98.4 0.0 0.0 
Legume hay ton 2.0 1.8 1.8 
Oil meals cwt. 165.4 33.1 0.0 
DDG cwt. 0.0 257.6 321.6 
Gluten meal cwt. 0.0 0.0 0.0 
Total 
Corn bushel 3,251.0 3,092.1 2,932.8 
Grain sorghum bushel 276.4 104.2 105.7 
Oats bushel 25.7 23.7 21.4 
Barley bushel 32.4 32.3 29.2 
Wheat bushel 0.0 0.0 0.0 
Legume hay ton 79.4 73.7 75.2 
Nonlegume hay ton 237.4 227.4 232.0 
Silage ton 384.5 417.5 372.7 
Oil meals cwt. 447.3 263.9 106.7 
DDG cwt. 0.0 362.8 672.4 
Gluten feed cwt. 0.0 15.6 24.2 
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Alcohol production 
As the level of alcohol production increases, the geographical area, 
over which alcohol is produced, grows considerably. Figure 11 shows 
where alcohol production takes place and Table 21 shows how much alcohol 
production takes place in each market region and the feedstocks and 
milling methods used for alcohol production. Corn is the dominant 
alcohol feedstock, accounting for about 85 percent of all the grain 
used, and dry milling is the dominant milling method. No value is 
imputed to the com oil or sorghum oil obtained from the wet milling 
process, so the milling method used tends to be biased toward dry 
milling. 
Market regions 7, 8, 14, and 15 account for 94.0 percent of total 
alcohol production in 6L2 and 82.1 percent of total alcohol production 
in 12L2. As the level of alcohol production increases from 6 billion 
to 12 billion gallons, alcohol production spreads over the Great 
Plains region and to the South Atlantic region. Alcohol production 
increases in all market regions, except 21, as alcohol production 
increases. Market region 15 is the main beneficiary of increasing 
alcohol production. It accounts for over 40 percent of the 6 billion 
gallon increase required by 12L2 over 6L2. 
Figure 11. Regions where alcohol production from grains occurs 
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Table 21. Regional distribution of, feedstocks used for, and milling 
method used for alcohol production 
Market region, 
feedstock, and 
milling method 
Solution 
6L2 12L2 
4 
7 
8 
9 
14 
15 
16 
17 
21 
22 
(million gallons of alcohol) 
0 .0  
994.3 
1,108.6 
0 .0  
2,376.9 
1,157.5 
0 .0  
8 6 . 0  
265.2 
11.4 
622.3 
1,770.5 
1.561.0 
623.4 
2,853.3 
3.672.1 
135.7 
499.9 
204.2 
57.5 
Corn 
Dry milling 
Wet milling 
Total 
5,075.8 
0 .0  
5,075.8 
10,338.0 
0 . 0  
10,338.0 
Grain sorghum 
Dry milling 
Wet milling 
Total 
214.7 
709.5 
924.2 
0 .0  
1,662.0 
1,662.0 
Total dry milling 
Total wet milling 
5,290.5 
709.5 
10,338.0 
1,662.0 
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Increased Exports and Alcohol Production 
The impacts on agriculture from increasing the level of crop 
exports from their 1980 levels to one and one-half times their 1980 
levels are more significant than the impacts of producing 12 billion 
gallons annually. Analysis to support this contention is presented 
in this section. 
Increasing crop exports 
versus alcohol production 
In assessing how increasing crop exports impacts on agriculture 
versus how alcohol production impacts on agriculture, three solutions 
of the model are used. These solutions are BASEL, 12L3, and BASEH. 
It seems unlikely that an annual alcohol production level of more 
than 12 billion gallons from agriculture will occur in the future, 
but, in light of the recent past, it does not seem unlikely that crop 
exports could increase 50 percent from their 1980 levels by the year 
2000, 
Crop production patterns are considerably different when crop 
exports are at one and one-half times their 1980 levels than when 12 
billion gallons of alcohol are produced with crop exports at their 
1980 levels. The quantity and acreage of each of the endogenous crops 
in these two situations are listed in Table 22. The difference in the 
total amount of land used in each of the solutions is less than 1.0 
percent, but the distribution of land among crops and the production 
levels of some of the crops are quite different. The differences are 
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Table 22. Crop production and acreage for the endogenous crops for 
one and one-half times 1980 crop exports and 12 billion 
gallons of alcohol production 
Crop production Crop acreage 
Crop Unit 12L3 BASER 12L3 BASEH 
(million units) (million acres) 
Corn bushel 10 ,962.7 8,779.5 101.6 80.0 
Grain sorghum , bushel 994.0 645.5 15.2 9.2 
Barley bushel 414.0 421.6 7.7 7.6 
Oats bushel 293.1 279.8 4.0 3.8 
Wheat bushel 2 ,393.3 3,147.4 67.3 81.0 
Soybeans bushel 1 ,923.8 3,252.0 54.1 92.1 
Cotton bale 13.8 13.8 11.9 11.5 
Legume hay ton 79.7 135.9 \ 54.1 52.6 
Nonlegurae hay ton 71.4 15.5 J 
Silage ton 395.0 410.5 29.3 28.8 
Summer fallow - - - 31.0 22.5 
Total - - - 386.3 389.1 
especially striking for soybeans, grain sorghum, legume hay, and non-
legume hay. Considerable differences can also be found in corn and 
wheat and also in the amount of land left fallow. 
Increasing crop exports and requiring alcohol production each 
necessitate an overall increase in agricultural production, but each 
follows a different path in increasing production. Due to increasing 
crop exports, corn, wheat, and soybean production increase directly 
and legume hay production increases indirectly. Production of non-
legume hay falls, the amount of land left fallow decreases, and 
additional land is brought into production. Alcohol production 
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causes corn and grain sorghum production to increase and soybean 
production to, fall because the milling by-products from the alcohol 
production process are substituted for soybean meal. As crop exports 
! 
reach a higher level, land becomes a more binding constraint and 
legume hay is substituted for nonlegume hay in livestock rations. 
On a per acre basis, nonlegume hay yields considerable less energy and 
protein than does legume hay. 
The overall cost of production in agriculture is $72.7 billion 
in BASEL and this increases to $87.7 billion in 12L3 and $114.4 billion 
in BASER. Increasing exports 50 percent has a significantly larger 
impact on the cost of production than does the production of 12 billion 
gallons of alcohol. Looking at the total cost of production may not 
be the best measure of the differential impacts of increasing crop 
exports and alcohol production. It is more enlightening to look at 
how per unit prices of agricultural commodities and how the use of 
various resources respond to these two situations. 
How commodity shadow prices respond to increasing crop exports 
and alcohol production can be found in Table 23. Increases in prices 
are significantly lower when 12 billion gallons of alcohol are pro­
duced than when exports increase 50 percent. For the commodities 
selected, price increases range from 3.9 percent to 14.3 percent for 
12 billion gallons of alcohol production and from 12.8 percent to 51.3 
percent for increasing crop exports 50 percent. 
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Table 23. The response of commodity shadow prices to increasing exports 
50 percent and 12 billion gallons of alcohol production 
Commodity Unit BASEL 12L3 BASEH 
($/unit) ($/unit) ( % increase 
from BASEL) 
($/unit) (% increase 
from BASEL) 
Corn bushel 2.58 2.95 14.3 3.46 34.1 
Wheat bushel 4.37 4.94 13.0 6.61 51.3 
Soybeans bushel 5.83 6.51 11.7 8.33 42.9 
Cotton pound 0.62 0.66 5.8 0.75 19.6 
Beef cwt. 125.27 137.74 10.0 159.55 27.4 
Pork cwt. 64.94 69.69 7.3 79.90 23.0 
Milk cwt. 9.32 9.67 3.9 10.51 12.8 
Table 24 shows the quantities of selected resources used in BASEL, 
12L3, and BASEH. In general, resource use is higher in BASEH than in 
12L3. The difference is particularly striking for irrigated land. 
One question that might be asked concerns what is the trade-off 
between crop exports and alcohol production. If the cost of produc­
tion is used as the criterion for making such a judgement, then produc­
tion of 12 billion gallons of alcohol is approximately equivalent to 
an 18 percent increase in crop exports. This assumes that the cost 
of production increases linearly as crop exports increase. 
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Table 24. Resource use response to increasing exports 50 percent and 
12 billion gallons of alcohol production 
Resource Unit BASEL 12L3 BASER 
Irrigated land mil. acres 11.34 14.79 28. 24 
Nitrogen fertilizer bil. pounds 9.69 13.43 14. 02 
Pesticides bil. dollars 3.28 3.72 3. 73 
Energy quads 1.28 1.48 1. 66 
Diesel bil. gallons 5.38 5.65 6. 46 
Natural gas bil. cu. ft. 360.20 474.90 528. 80 
LPG mil. gallon 691.20 1,079.70 980. 40 
Electricity bil. KWR 27.21 30.52 35. 23 
Livestock production 
The changes in livestock production that result from increased 
exports or alcohol production tend to be in the same direction. For 
the level of increase in exports considered, 50 percent, and the level 
of alcohol production considered, 12 billion gallons, the magnitudes 
of the changes are generally larger for increasing exports. The one 
big difference resulting from increasing exports as opposed to large-
scale fuel alcohol production lies in the protein feeds used for live­
stock. The amount of oil meals fed to exogenous livestock in 12L3 
is only about 16 percent of the amount fed to endogenous livestock in 
BASER. Oil meal use in BASER is very close to oil meal use in BASEL. 
The use of grains and roughages (hays and silage) are very similar in 
all three solutions. 
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Alcohol Production at Different Crop Export Levels 
In order to assess how different crop export levels affect the 
impacts that alcohol production has on agriculture, 6L3 is compared 
to BASEL and 6H3 is compared to BASEH. For each comparison, technology 
and alcohol production are held constant and only the levels of crop 
exports are varied. 
The cost of production in 6L3 is $6.86 billion or 9.43 per­
cent higher than it is in BASEL and in 6H3 the cost of production is 
$9.17 billion or 8.01 percent higher than it is in BASEH. So in 
absolute terras the cost of production increases more at the higher 
level of exports than at the lower level of exports, but increases 
less in relative terms at the higher level of exports than at the 
lower level of exports. Table 25 shows how commodity shadow prices 
are affected by alcohol production at the two export levels. The 
changes in shadow prices follow the same pattern as the cost of 
production, being higher in absolute terms but lower in relative 
terms, for one and one-half times 1980 crop exports. 
For the level of alcohol production under consideration, six 
billion gallons per year, and for the two crop export levels under 
consideration, the level of crop exports has the stronger influence 
on resource use patterns than does alcohol' production. The levels of 
resource use in 6L3 are much closer to BASEL than they are to 6H3 and 
the levels of resource use in 6H3 are much closer to BASEH than they 
are to 6L3 (Table 26). 
Table 25. How commodity shadow prices are affected by alcohol production at different crop 
export levels 
Commodity Unit BASEL 6L3 BASEE 6H3 
($/unit) (change in $/per 
unit from BASEL) 
(% change 
from BASEL) 
($/unit) (change in $/per 
unit from BASER) 
(% change 
from BASER) 
Com bushel 2.58 0.18 6.54 3.46 0.21 6.34 
Wheat bushel 4.37 0.23 5.41 6.61 0.32 4.85 
Soybeans bushel 5.83 0.32 5.52 8.33 0.39 4.72 
Cotton pound 0.62 0.02 2.81 0.74 0.02 2.73 
Beef cwt. 125.27 5.38 4.29 159.50 6.75 4.23 
Pork cwt 64.94 2.60 4.00 79.90 83.10 3.99 
Milk cwt. 9.32 0.20 2.12 10.50 0.24 2.29 
Table 26. How resource use is affected by alcohol production at different crop export levels 
Solution 
6L3 6H3 
Resource Unit BASEL Increase from BASEL BASEH Increase from BASEH 
(units) (units) (percentage) (units) (units) (percentage) 
Land mil. acres 379.56 4.84 1.3 389.70 0.02 
a 
Irrigated land mil. acres 11.34 2.02 17.8 28.24 1.33 4.7 
Nitrogen 
fertilizer bil. pounds 9.69 1.49 15.4 14.02 3.39 24.2 
Potassium bil. pounds 6.32 0.02 0.3 7.60 1.18 15.5 
Phosphorus bil. pounds 4.03 0.15 3.7 5.62 0.62 11.0 
Pesticides bil. dollars 3.28 0.32 9.8 3.73 0.21 5.6 
Diesel bil. gallons 5.38 0.11 2.0 6.46 0.09 1.4 
Natural gas bil. cu. ft. 360.20 50.20 13.9 528.80 101.00 19.1 
LPG mil. gallons 691.20 191.10 27.6 980.40 208.90 21.3 
Electricity bil. KWH 27.21 2.28 8.4 35.23 1.88 5.3 
Total energy quads 1.28 0.09 7.3 1.66 0.14 8.4 
^Less than 0.05 percent. 
83 
The changes in resource use caused by the production of six 
billion gallons of alcohol are significantly different for the two 
crop export levels. Land is a much more constraining resource at one 
and one-half times 1980 crop.export levels than at 1980 crqp export 
levels. In BASEL, an additional 11.1 million acres of land can still 
be brought into production, while in BASEH only an additional 1.6 
million acres of land, the most marginal land available, remains to 
be brought into production. There are more possible ways of increas­
ing production at the lower level of crop export than at the higher 
level of crop exports. At the lower level of crop exports, crop 
production is increased through a combination of bringing additional 
land into production, irrigating more land, using more nitrogen 
fertilizer, and shifting crop production among regions. At the higher 
level of crop exports, increased crop production is essentially achieved 
by increasing the use of nitrogen, potassium, and phosphorus fertilizers 
and by increasing irrigation. At either level of crop exports, the 
major change in production that takes place when alcohol production 
occurs is the substitution of corn for soybeans in the North Central 
region (Table 27). 
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Tablé 27. The substitution of corn for soybeans at the two crop export 
levels and six billion gallons of alcohol production 
Region and Solution 
crop BASEL 6L3 BASER 6H3 
(million acres) (change from (million (change from 
BASEL in acres) BASER in 
million acres) million acres) 
United States 
Corn 72.0 +14.7 80.0 +14.1 
Soybeans 75.7 -11.3 92.1 -9.6 
North Central 
Corn 47.8 +14.8 60.3 +14.1 
Soybeans 45.7 -11.8 47.7 -12.3 
Livestock production 
The level of crop exports does not appear to affect the 
impacts that alcohol production has on the livestock sector. The 
percentage increases in the shadow prices of beef, pork, and milk 
caused by a production level of six billion gallons of alcohol are 
almost identical at the two crop export levels. The directions artd 
magnitudes of changes in regional livestock production patterns are sim­
ilar. The rations fed to the different categories of livestock, with the 
exception of nonfed beef, are similar at both crop export levels and 
also the changes caused by alcohol production are similar. The 
quantities of feeds used in nonfed beef production can be found in 
Table 28. The level of exports has a significant impact on feed use 
for nonfed beef production. Legume hay, nonlegume hay, silage, and 
oil meal use are all significantly different for the two crop export 
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Table 28. Feeds used for nonfed beef production under the two crop 
export levels 
Solution 
Feed Units BASEL 6L3 BASER 6H3 
(million units) 
Legume hay ton 65. 75 62.27 117. 09 116. 01 
Nonlegume hay ton 201. 40 195.04 147. 02 149. 38 
Silage ton 75. 72 97.83 90. 46 86. 51 
Oil meal cwt. 76. 60 78.92 53. 35 52. 64 
DDG cwt. 0. 00 0.00 0. 00 0. 00 
Gluten meal cwt. 0. 00 2.28 0. 00 0. 07 
levels. As six billion gallons of alcohol are produced annually, the 
directions of change from the amounts used in the base solutions 
(BASEL for 6L3 and BASEH for 6H3) are opposite for honlegume hay, 
silage, and oil meals. 
Alcohol production 
As the level of crop exports increases, alcohol production be­
comes geographically more concentrated (Table 29). In 6H3, all alcohol 
production occurs in market regions 7, 8, 14, and 15. Grain sorghum 
is the feedstock for almost 20 percent of all alcohol produced in 6L3, 
but is not used as an alcohol feedstock at all in 6H3. The reason 
why sorghum is no longer used as an alcohol feedstock at the higher 
crop export level is because as production becomes more constrained, 
yield becomes a more important factor. Corn has a considerably higher 
average yield than does grain sorghum. In 6L3, the yields are 114.1 
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bushels per acre for corn versus 71.4 bushels per acre for grain 
sorghum. 
Table 29. Regional distribution of and feedstocks used for alcohol 
production at the two crop export levels 
Solution 
6L3 6H3 
Market region 
7 
8 
14 
15 
17 
21 
(million gallons) 
1,162.3 
1,108.6 
2.337.6 
1.021.7 
139.7 
230.1 
1,154.7 
1,108.6 
1,707.0 
2,029.7 
0 . 0  
0 .0  
Percentage in 7-15 
Corn 
Dry milling 
Wet milling 
Grain sorghum 
Dry milling 
Wet milling 
93.8 
4.001.6 
844.7 
0 .0  
1.153.7 
100.0 
4,792.2 
1,207.8 
0 . 0  
0 . 0  
Crop export levels and the crop 
export-alcohol trade-off 
In the section on increasing crop exports versus alcohol production, 
an estimate is made of the trade-off between crop exports and alcohol 
production. Six billion gallons of alcohol production at either 
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crop export level cause similar increases in the cost of production 
(9.43 percent at 1980 crop exports and 8.01 percent at one and one-
half times 1980 crop exports). The increase in the cost of production 
is similar at the two crop export levels. This is an indication 
that the trade-off between crop exports and alcohol production, esti­
mated to be that production of 12 billion gallons of alcohol production 
is equivalent to an 18 percent increase in crop exports, is a reason­
able estimate over a range of crop exports. A similar estimate of the 
trade-off between six billion gallons of alcohol production and crop 
exports can be made. Six billion gallons of alcohol production is 
estimated to be equivalent to about an 8 percent increase in crop 
exports. 
Some of the conclusions that can be drawn from this section are 
that the level of crop exports does not significantly affect the 
increases in agricultural commodity prices that are caused by alcohol 
production, but the level of crop exports does significantly affect 
the ways in which agriculture adjusts to alcohol production. 
The Effects of Changing Technology 
In order to measure the value of increasing the amount of alcohol 
that can be obtained from corn or grain sorghum from 2.6 to 3.0 gallons 
per bushel, solution 6L3 compared to solution 6L2 and solution 12L3 
is compared to solution 12L2. The only difference between 613 and 6L2 
or 12L3 and 12L2 is the conversion rate of grain to alcohol. So, as 
the conversion rate increases, fewer resources are required to produce 
a given level of alcohol and food. 
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As the grain-to-alcohol conversion rate increases, the cost of 
production falls (Table 30). The percentage decrease in the cost of 
Table 30. Changes in the cost of production as the grain-to-alcohol 
conversion rate changes from 2.6 to 3.0 gallons per bushel 
Billion 
gallons of 
alochol 
Conversion rate 
2 . 6  3.0 Difference Decrease 
6 
12 
(billion dollars) 
79.681 79.564 0.117 
88.716 87.727 0.989 
(percent) 
0.15 
1.11 
1^981 dollars. 
production is not especially large, 0.15 percent at the 6 billion 
gallon level and 1.11 percent at the 12 billion gallon level. However, 
the absolute change in the cost of production is significant, especially 
at the 12 billion gallon level. At 6 billion gallons, the reduction 
in the cost of production is $117 million and at the 12 billion gallon 
the reduction in the cost of production is $989 million. 
Although, in the aggregate, fewer resources are required to produce 
the same level of alcohol and food as the conversion rate increases, 
this is not necessarily true for each and every input. Land is an 
example of this. Total land use increases from 383.8 million acres in 
6L2 to 384.4 million acres in 6L3 and from 386.1 million acres in 12L2 
to 386.3 million acres in 12L3. The amount of land converted from 
pastures and forests is higher at the higher conversion rate. However, 
the land is farmed less intensively at the higher conversion rate. 
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The rates of use of inputs other than land, such as energy, 
fertilizers, and pesticides fall as the conversion rate increases 
(Table 31). As can be seen from the numbers in the table, the changes 
in nonland input use that occur when technology improves are small, 
always less than 2.0 percent. 
Table 31. Resource use at alcohol production levels of 6 and 12 
billion gallons and 2 grain-to-alcohol conversion rates 
Solution 
Inputs Unit 6L2 6L3 12L2 12L3 
Nitrogen fertilizer bil. pounds 11.31 11.18 13.70 13.43 
Potassium bil. pounds 6.40 6.34 6.79 6.74 
Phosphrous bil. pounds 4.23 4.18 4.52 4.44 
Pesticides bil. dollars 6.10 6.07 6.30 6.27 
Diesel bil. gallons 5.53 5.49 5.65 5.65 
Natural gas bil. cu. ft. 414.20 410.40 482.10 474.90 
I,PG mil. gallons 888.20 882.30 1,092.30 1,079.70 
Electricity bil. KIJH 29.70 29.49 30.64 30.52 
Total energy quads 1.38 1.37 1.49 1.48 
Livestock production 
In general, the impacts that changing technology has on livestock 
production costs, patterns, and prices are small. Changes in the 
prices of livestock products range from -0.34 percent to 0.23 percent 
as the grain-to-alcohol conversion rate increases. 
The most significant changes that take place are in the rations 
fed to livestock. At the higher conversion rate, less DDG or gluten 
meal is required to substitute for the protein content of the oil meals 
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used in livestock rations. At the 2.6 gallons per bushel conversion 
rate, one finds DDG substituting for a combination of oil meals and 
energy feed (grains, hays, or silage), while at the 3.0 gallon per 
bushel conversion rate, DDG and oil meals substitute at approximately 
a one-to-one rate. Gluten meal is used much less than DDG as a sub­
stitute for oil meals. Table 32 shows the use of corn, oil meals, DDG, 
and gluten meal and their level of use in livestock rations as the 
grain-to-alcohol rate changes. Gluten meal is also substituted to a 
limited degree for oil meals in exogenous livestock feed rations. The 
quantity of gluten meal used for exogenous livestock is 3.06 million 
hundredweight in 6L2, 20.39 million hundredweight in 6L3, 4.96 million 
hundredweight in 12L2, and 21.40 million hundredweight in 12L3. 
Table 32. The use of corn, oil meals, DDG, and gluten meal in 
endogenous livestock feed rations at different grain-to-
alcohol conversion rates 
Solution Corn Oil meals DDG Gluten meal 
(mil. bu.) -(mil. cwt.)-
6L2 
6L3 
12L2 
12L3 
3,092.1 
3,345.4 
2,932.8 
3,301.6 
263.9 
279.9 
106.7 
69.5 
362.8 
167.7 
672.4 
326.6 
15.6 
14.5 
24.2 
52.8 
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Alcohol production 
Most alcohol production occurs in market regions 7, 8, 14, and 15. 
The percentage of alcohol production occurring in these four market 
regions is 94.0 in 6L2, 83.8 in 6L3, 82.1 in 12L2, and 85.2 in 12L3. 
The amount of alcohol produced from each of the feedstocks and by each 
milling technique can be found in Table 33. As the conversion rate 
increases, there is a shift toward alcohol production from the wet 
milling process. The pattern of change in the use of grain sorghum 
is not consistent as the conversion rate changes. 
Table 33. The amount of alcohol produced from corn and grain sorghum 
by the two milling methods at different grain-to-alcohol 
conversion rates 
Feedstock and Solution 
milling method 6L2 6L3 12L2 12L3 
(million gallons) 
Corn 
Dry milling 5,075.8 4,001.6 10,338.0 7,903.0 
Wet milling 0.0 844.7 0.0 3,054.6 
Total 5,075.8 4,846.3 10,338.0 10,957.6 
Grain sorghum 
Dry milling 214.7 0.0 0.0 0.0 
Wet milling 709.5 1,153.7 1,662.0 1,042.4 
Total 924.2 1,153.7 1,662.0 1,042.4 
Total dry milling 5,290.5 4,001.6 10,338.0 7,903.0 
Total wet milling 709.5 1,998.4 1,662.0 4,097.0 
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Alcohol Production from Crop Residues 
Production of alcohol from crop residues is considered only at 
1980 crop export levels and an alcohol production level of six billion 
gallons. In the solutions in which crop residues may be converted 
into alcohol, grains may also be converted into alcohol. At a deliv­
ered cost to the conversion plant of $42 per ton of crop residues, 
no residue-to-alcohol conversion takes place, regardless of the rate of 
conversion of residues into alcohol. At a delivered cost of $23 per 
ton, residue-to-alcohol conversion takes place when the rate of con­
version of residues into alcohol is 20 pounds of dry matter per gallon. 
In this one solution in which residues are converted into alcohol, 
alcohol production from residues dominates alcohol production from 
grains. The results in this solution are very similar to those obtained 
in BASEL. The cost of production is about $1.4 billion higher than in 
BASEL. Most of this increase can be attributed to the cost of harvest­
ing and transporting the crop residues. Agricultural production and 
resource use are basically unaffected by alcohol production in this 
solution. 
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LIMITATIONS, SUMMARY, AND CONCLUSIONS 
Limitations 
There are a number of important ways in which the model does not 
accurately reflect the agricultural sector. The total impact that 
alcohol production has on agriculture is not fully reflected by the 
model. To a large extent, this is because commodity demands are 
assumed to be fixed, not inelastic as they really are. No inter-
commodity substitutions are allowed in fulfilling demands for human 
consumption, exports, and other uses, even though these would occur 
as relative commodity prices change. Because total demand would be 
less than it is assumed to be, due to rising commodity prices caused 
by alcohol production, the amount of resource use and commodity and 
land shadow prices are overstated. 
It is not possible to incorporate all possible production alterna­
tives into the model. Little increase in land use takes place as 
alcohol production occurs. It may be because not all possible land 
conversions are specified in the model. Certain activities, such as 
fertilizer and water use, are defined as discrete variables in the 
model, not continuous as they should be. Only three levels of nitrogen 
fertilizer use are specified. The optimal level of fertilizer use for 
a given crop rotation may be lower than the lowest specified level 
in the less constrained solutions and higher than the highest specified 
level in the more constrained solutions. Only a limited number of 
rations are specified for each livestock type. The least cost ration 
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is not included, although one of the rations specified probably is 
close to the least cost ration. The structure of the livestock 
sector does not readily allow for shifts in beef production among fed 
beef and nonfed beef. 
Complete data are not always available on alcohol production from 
grains and the associated milling by-products and on alcohol production 
from crop residues. Information is particularly scarce on alcohol 
production from grain sorghum. The cost of delivering crop residues 
to an alcohol conversion plant is only estimated. Even when data 
are available, different sources are not always in agreement. 
Size limitations on the model necessitate the specification of 
the ways in which the milling by-products may be utilized in a manner 
that is not entirely satisfactory. Sorghum milling by-products are 
turned into corn milling by-products and gluten feed is turned into 
DDG equivalents. 
Adjustments by the model to changes induced by alcohol production 
are instantaneous and painless. Economic efficiency is the criteria 
for making these adjustments. But economic efficiency is not the only 
basis upon which decisions are made. Shifts in production among 
regions have both human and infrastructural costs. Even for small 
differences in costs, the model is willing to make changes. Farmers 
may be either unable or unwilling to make such changes. 
Risk is ignored in the model. Risk aversion may dictate that a 
greater variety of crops should be grown in a region than is solely 
indicated by cost considerations. Irrigated farming may be desired 
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over dryland farming in some regions because it provides a more stable 
Income over time, despite the fact that it may lead to a lower average 
income over time. 
What the above-mentioned limitations imply is that the solutions 
should not be thought of as predictions or projections. Rather, the 
comparison of solutions show the direction and relative strength of 
market forces that result from alcohol production, changing technology, 
and different demand levels. 
Summary and Conclusions 
This study examines some of the potential impacts that large-
scale fuel alcohol production may have on U.S. agriculture in the year 
2000. Corn grain and grain sorghum are the primary feedstocks for 
alcohol production. Each of these grains may be either dry milled or 
wet milled. The use of crop residues from grains is considered as an 
alternative feedstock. Two different grain-to-alcohol conversion 
rates are used. Under current technology, 2.6 gallons of alcohol may 
be obtained from a bushel of corn or grain sorghum. With improvements 
in technology, this conversion rate could increase to 3.0 gallons per 
bushel. Since the required level of crop production strongly influences 
the results of the model, alcohol production is considered at two 
different crop export levels. These two crop export levels are equiv­
alent to 1980 crop export levels and one and one-half times 1980 crop 
export levels. 
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By requiring agriculture to provide the feedstocks used for 
alcohol production, the demand for agricultural commodities increases. 
Overall production increases, resource use increases, the cost of 
production increases, and commodity prices increase. The use of com 
and grain sorghum for alcohol production affects the production of all 
other crops and the production of milling by-products affects oil meal 
use and, thus, soybean production. Relative crop prices change and 
influence the choice of feeds used for livestock rations. Alcohol 
production induces changes throughout agriculture. The largest adjust­
ment that takes place is the substitution of corn and grain sorghum 
production for soybean production which results because the by-products 
from the milling processes substitute for soybean meal use in livestock 
rations. 
The impacts that large-scale fuel alcohol production has on 
agriculture, in general, are surprisingly small. Alcohol production 
of 6 billion gallons per year increases the overall cost of agri­
cultural production by slightly less than 10 percent, while alcohol 
production of 12 billion gallons causes the overall cost of agricul­
tural production to increase approximately 22 percent. The range of 
Increase in commodity shadow prices is from 2 percent to 12 percent 
for 6 billion gallons of alcohol production and is from 4 percent to 
30 percent for 12 billion gallons of alcohol production. Most of the 
shadow price increases are in the lower halves of these ranges. 
The use of irrigated land, marginal land, and nitrogen fertilizer 
increases substantially as alcohol production increases. The uses 
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of these resources are the major methods through which crop production 
can be Increased. To produce 12 billion gallons of alcohol, an 
additional 0.21 quadrillion BTUs are required in the agricultural 
production sector. This is equal to 21 percent of the energy content 
of the alcohol produced. Only an additional 270 million gallons of 
diesel fuel are required by agriculture to produce the additional out­
put needed for 12 billion gallons of alcohol. Additional energy is 
also required to convert the grains into alcohol. 
The production of 12 billion gallons of alcohol from grains is 
approximately equivalent, on a cost basis, to an 18 percent increase 
in crop exports. The impacts caused by a 50 percent increase in crop 
exports are much more significant than those caused by alcohol produc­
tion of 12 billion gallons. This is true with regard to price impacts 
and resource use. Corn and soybean production are very different 
though, depending upon whether an increase in crop production is induced 
by an increase in crop exports or alcohol production. 
The price impacts from the production of six billion gallons of 
alcohol at the two crop export levels are quite similar. The ways in 
which the additional output needed for use as the alcohol feedstock 
is obtained are different depending upon the crop export level. Land 
is a much more binding constraint at the higher level of crop exports. 
Practically no marginal land is added to production and some additional 
land is irrigated. The main means of increasing crop production, at 
the high level of crop exports, is through the use of nitrogen, phos­
phorus , and potassium fertilizers. The incremental increase in nitrogen 
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fertilizer used to achieve the needed increase in crop production is 
two and one-quarter times greater at high exports than at low exports. 
Unlike the low level of crop exports, no grain sorghum is grown for 
use as an alcohol feedstock at high exports; instead corn is used. 
Corn has a higher per acre yield than does grain sorghum. 
The livestock sector is very strongly impacted upon by large-scale 
alcohol production. It is in the livestock sector that most of the 
milling by-products are utilized. The livestock sector has the capa­
city to use all the milling by-products produced. DDG is the main 
milling by-product available. With the current rate of conversion of 
grains to alcohol, DDG substitutes for a combination of soybean meal 
and corn. When improved graln-to-alcohol conversion technology is 
used, DDG substitutes almost on a one-to-one basis for soybean meal. 
As the level of alcohol production increases, the milling by-products 
first substitute for soybean meal in hog and dairy rations. Some 
regional shifts occur in livestock production, but the primary changes 
occur in the feed rations. 
The milling by-products may be substituted for soybeans in the 
export sector, but this only occurs in the two solutions which employ 
the current 2.6 gallons of alcohol per bushel of grain conversion rate. 
At most, this substitution amounts to only 8.5 percent of soybean 
exports, on a protein basis. 
The improvement of milling technology such that 3.0 gallons of 
alcohol Instead of 2.6 gallons of alcohol may be obtained from a bushel 
of corn or grain sorghum has little impact on prices and resource use 
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in agriculture. This does, however, have a significant impact on the 
rations fed to livestock. This is because the milling by-products 
are a more concentrated protein feed at the higher conversion rate. 
More of the carbohydrate content of the grain has been converted into 
alcohol and little remains in the milling by-products. Even though 
the cost savings due to improving conversion technology are small on 
a percentage basis, in dollar terms they are not insignificant. At 6 
billion gallons of alcohol production, the cost savings associated 
with improving technology is $117 million and at 12 billion gallons 
the cost saving is $989 million. 
The results of this study indicate that American agriculture does 
have the capacity to produce the additional products necessary to 
support the production of up to 12 billion gallons of alcohol and 
still meet all other demands. Crop exports, at levels 50 percent 
higher than in 1980, do not seem to impair this ability. But crop 
exports at higher levels do increase the cost of producing alcohol 
from grains. Results indicate that a significant return to improving 
the grain-to-alcohol conversion rate from 2.6 to 3.0 gallons per 
bushel exists. If it is desired to have a large-scale program of 
producing alcohol from grains, the potential returns indicate that 
research in this area should be vigorously pursued. As the cost of 
producing alcohol from grains rises and the technology and techniques 
for converting crop residues into alcohol and harvesting crop residues 
improve, the relative advantage as an alcohol feedstock shifts toward 
crop residues. When alcohol production from crop residues does occur. 
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the cost and resource allocation Impacts on agriculture are very 
limited. Although the short-run impacts are very limited, in the long 
run the collection of crop residues may seriously aggrevate the problems 
of soil loss and sustaining high yields and may not be so desirable as 
it seems. 
Some view alcohol production from grains as a means of bringing 
prosperity to farmers while others view it with great alarm because 
they fear it will drive farm commodity prices to outrageously high 
levels. While alcohol production from grains does put upward pressure 
on farm prices, the increases are moderate. Neither are the hopes of 
some proponents of alcohol production fulfilled, nor are the fears 
of some opponents realized. Large-scale alcohol production is equiva­
lent to only a moderate increase in crop exports. The weather and 
the level of crop export demand are more important determinants of 
agricultural commodity prices than is alcohol production. 
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APPENDIX: INPUT AND OUTPUT MATERIAL PRICES 
FOR THE DRY AND WET MILLING PROCESSES 
Table 34. Net feedstock costs, by-product values and prices, and corn 
and soybean meal prices^ 
Year Month 
Prices 
of corn 
Value of milling 
by-products 
Net feedstock 
cost 
Dry Wet Dry . . Wet 
($/bushel of corn) ($/gallon of alcohol) 
1974 October 3.74 1,05 1.69 1.03 0.79 
3.48 1.26 1.71 0.85 0.68 
3.47 1.16 1.57 0.89 0.73 
1975 January 3.19 1.09 1.58 0.81 0.62 
2.96 0.99 1.44 0.76 0.59 
2.90 0.87 1.41 0.78 0.57 
2.96 0.84 1.47 0.81 0.57 
2.82 0.85 1.26 0.76 0.60 
2.89 0.87 1.26 0.78 0.63 
2.95 0.92 1.33 0.78 0.62 
3.12 1.01 1.40 0.81 0.66 
2.99 1.05 1.35 0.75 0.63 
2.74 1.04 1.39 0.66 0.52 
2.59 0.93 1.36 0.64 0.47 
2.59 0.83 1.37 0.68 0.47 
1976 January 2.62 0.92 1.48 0.65 0.44 
2.70 0.97 1.39 0.67 0.50 
2.68 0.92 1.33 0.68 0.52 
2.68 0.87 1.20 0.70 0.57 
2.84 0.87 1.15 0.76 0.65 
2.96 0.93 1.27 0.78 0.65 
2.96 1.05 1.46 0.74 0.58 
2.87 1.07 1.45 0.69 0.55 
2.77 1.07 1.58 0.65 0.46 
2.49 1.08 1.60 0.54 0.34 
2.33 1.07 1.51 0.48 0.31 
2.44 1.13 1.51 0.50 0.36 
1977 January 2.53 1.20 1.60 0.51 0.36 
2.54 1.23 1.77 0.50 0.30 
2.52 1.22 1.73 0.50 0.31 
2.50 1.20 1.71 0.50 0.31 
2.41 1.22 1.75 0.46 0.25 
2.27 1.22 1.62 0.41 0.25 
2.05 1.11 1.42 0.36 0.24 
1.78 0.94 1.19 0.32 0.23 
1.80 0.88 1.13 0.35 0.26 
1.84 0.95 1.19 0.34 0.25 
2.14 0.99 1.39 0.44 0.29 
2.19 1.05 1.57 0.44 0.24 
U^.S. Department of Agriculture (1975, 1976, 1977a, 1977b, 1978a, 
1978b, 1979a, 1979b, 1980b, 1980c, 1981a, 1981b, 1982b, 1982c). 
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Corn gluten Corn gluten Soybean 
Corn DDG feed meal Com oil meal 
— — — — — —  
——————— ( $/ton) ———• (c/pound) ($/ton) 
124.00 100.00 222.00 45.00 168.00 
148.00 104.00 218.00 45.00 141.00 
136.00 93.00 204.00 42.00 143.00 
128.00 90.00 198.00 44.00 129.00 
116.00 80.00 181.00 40.50 117.00 
102.00 77.00 192.00 39.00 118.00 
99.00 88.00 210.00 37.00 122.00 
100.00 80.00 211.00 27.00 118.00 
102.00 82.00 212.00 26.50 121.00 
108.00 84.00 215.00 29.50 124.00 
119.00 91.00 222.00 31.00 134.00 
123.00 89.00 229.00 28.00 134.00 
122.00 90.00 238.00 29.00 126.00 
110.00 86.00 238.00 28.50 120.00 
98.00 88.00 241.00 28.50 125.00 
108.00 93.00 248.00 32.50 128.00 
114.00 87.00 254.00 28.50 133.00 
108.00 83.00 251.00 26.50 128.00 
102.00 82.00 208.00 23.30 127.00 
102.00 90.00 186.00 19.80 152.00 
110.00 98.00 209.00 22.00 188.00 
123.00 106.00 257.00 26.00 194.00 
126.00 108.00 270.00 23.50 173.00 
126.00 114.00 294.00 27.00 179.00 
127.00 115.00 298.00 27.20 170.00 
126.00 108.00 268.00 27.50 181.00 
133.00 118.00 246.00 26.00 198.00 
141.00 125.00 258.00 28.00 207.00 
145.00 122.00 289.00 36.00 211.00 
143.00 111.00 298.00 36.00 226.00 
141.00 115.00 288.00 34.50 276.00 
144.00 118.00 296.00 35.50 258.00 
143.00 109.00 294.00 31.00 225.00 
131.00 89.00 276.00 27.50 162.00 
111.00 80.00 208.00 23.50 140.00 
104.00 78.00 182.00 23.20 144.00 
112.00 78.00 183.00 26.50 135.00 
117.00 90.00 215.00 31.50 162.00 
123.00 103.00 244.00 35.00 160.00 
Table 34 (continued) 
Year Month 
1978 January 
1979 January 
1980 January 
1981 January 
Value of milling Net feedstock 
Prices by-products cost 
of corn Dry Wet Dry Wet 
($/bushel of com) ($/gallon of alcohol) 
2.19 1.06 1.66 0.43 0.20 
2.21 1.05 1.68 0.44 0.21 
2.36 1.05 1.64 0.50 0.28 
2.51 1.05 1.54 0.56 0.37 
2.57 1.05 1.47 0.58 0.42 
2.51 1.07 1.41 0.55 0.42 
2.28 1.05 1.39 0.47 0.34 
2.17 1.01 1.40 0.45 0.30 
2.13 0.97 1.53 0.45 0.23 
2.22 0.99 1.59 0.47 0.24 
2.28 1.04 1.64 0.48 0.25 
2.27 1.09 1.57 0.45 0.27 
2.29 1.10 1.68 0.46 0.24 
2.35 1.10 1.71 0.48 0.25 
2.42 1.09 1.71 0.51 0.27 
2.53 1.04 1.67 0.57 0.33 
2.66 1.02 1.61 0.63 0.40 
2.83 1.05 1.59 0.69 0.48 
3.00 1.11 1.76 0.73 0.48 
2.82 1.18 1.81 0.63 0.39 
2.78 1.22 1.80 0.60 0.38 
2.73 1.30 1.76 0.55 0.37 
2.59 1.26 1.68 0.51 0.35 
2.69 1.23 1.76 0.56 0.36 
2.54 1.22 1.70 0.51 0.32 
2.65 1.15 1.68 0.58 0.37 
2.60 1.05 1.49 0.59 0.43 
2.61 1.03 1.27 0.61 0.52 
2.70 1.05 1.38 0.64 0.51 
2.70 1.07 1.38 0.63 0.51 
3.08 1.12 1.50 0.75 0.61 
3.36 1.22 1.64 0.82 0.66 
3.44 1.36 1.70 0.80 0.67 
3.43 1.41 1.66 0.78 0.68 
3.43 1.45 1.69 0.76 0.67 
3.54 1.49 1.75 0.79 0.69 
3.56 1.49 1.74 0.80 0.70 
3.49 1.43 1.58 0.79 0.74 
3.48 1.30 1.44 0.84 0.79 
3.53 1.23 1.50 0.88 0.78 
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Table 34 (continued) 
Value of milling Net feedstock 
Prices by-products cost 
Year Month of corn Dry Wet Dry Wet 
($/bushel of corn) ($/gallon of alcohol) 
May 3.47 1.32 1.52 0.83 0.75 
3.41 1.39 1.47 0.78 0.75 
3.41 1.39 1.40 0.78 0.77 
3.09 1.33 1.39 0.68 0.65 
September 2.72 1.27 1.40 0.56 0.51 
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Corn gluten Com gluten Soybean 
Corn DDG feed meal Com oil meal 
— — — — — — — — — — — — — — — — ( $ / t o n ) — — —  ( < ? / p o u n d )  ( $ / t o n )  
155.00 122.00 256.00 24.40 221.00 
164.00 111.00 261.00 24.50 201.00 
164.00 102.00 238.00 25.80 204.00 
156.00 107.00 249.00 22.30 202.00 
150.00 109.00 260.00 21.50 191.00 
